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ON THE PERFORMANCE CHARACTERISTIC OF CERTAIN 
METHODS OF DETERMINING CONFIDENCE LIMITS 


By B. M. BENNETT 
University of Washington, Seattle, USA 


SUMMARY 


The article examines the performance characteristic of certain statistical 
procedures in current use particularly in bioassay for the determination of confidence 
limits in the following situations : 

(i) the ratio of two means from a bivariate normal population, 


Gi) the abscissa corresponding to a given ordinate in a regression problem, 


(iii) the intersection point of two population regression lines. 


1. INTRODUCTION 


A rule of dealing with statistieal data is usually termed a statistical procedure. 


Such a procedure will frequently lead to certain conclusions concerning an unknown 
à statistical hypothesis and R 
H will be accepted or rejected 
alues or 


distribution function. In particular if H is a certair 
à proposed method of testing H. i.e.. a rule by which 
accordingly as a random function M (X) does or does not possess certain v 
properties in terms of the » observations. X — (Lys E) ON À random variable. 
then R is a statistical procedure. 

2 the distribution J (x. 0) of the 


Let 0, represent an unknown parameter ir 
s parameters 


observed variates: here 0 = (04. .... 0,) is the vector consisting of the 
of the distribution. Suppose that 0 (x). 0,(x) are a certain pair of functions and 
the rule states that the true value of 0, is included in the interval (4,.0,). This ` 


rule or determination of an interval estimate of 0, is a statistical procedure. If o 


is the class of all possible distribution functions J, then the probability 


am) = PO SA < 060111, 2. 00) 
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considered as a function of the distribution f in 2 will be termed the performance 
characteristic of the method of estimating the parameter @, based on the functions 


0 (x). (x) In general the probability z(f) way involve 8 also. If 0 (x). (8) 


are confidence limits with an assigned confidence coefficient = 1— €. then it is required 
that 
nf) = POE) < 6, Det Ir d 


in 0 for every f in Q. 

It is known that the problem of interval estimation of one or more of the para- 
meters of 8 is equivalent to that of determining regions of acceptance A(8). and this 
duality between the problem of confidence limits and that of regions of acceptance 


then enables one to determine the former under certain conditions (Neyman. 1937). 


2. CONFIDENCE LIMITS FOR THE RATIO OF TWO MEANS 


Let (e yj). (ë = 1,....n) represent a sample of n observations from a bivari- 
ate normal distribution with means 
Elx) = Č > 0). BY) = E 
and the variances and covariance 02 = 0%: où = 03. Guy = DÉI far respectively. For 


convenience we shall assume 01. 83. P to be known. 


The problem of determining confidence limits for z is equivalent to that of 
finding a ‘hest’ region of acceptance for the hypothesis: £ = Zu: 

We first introduce an orthogonal transformation. u = Ax. v = Ay on each 
set of variates. where À is the Helmert matrix of n rows and columns, x. y the eolumn 
vectors of the original variates. and u. v those of the new variates 


Concerning the mean values of the new set (w; vj), ( = 1..... n), we note that 


E(u;) = Ev) = 0, (= Yee nel}, 


In virtue of the orthogonality of the transformation. the variances and covariance 
are unchanged. 
Making the further transformations : 
u = wies; v; = 0/07. 
so that Elus) = 5 = V/n£lo,. E(v,) = a E! = ynatlo,, 
the new sets (w. vu) (= 1... n) have now unit variance, and covariance = p- 
Henceforth we drop the primes. 


The appropriate region for testing the hypothesis ` 2 = y is given by 


jv,— ay Y 
da |", vtl. = ds "E 
i V1 pato + Fo 
ser = P 
a Ln i 2 
ay Angearst 
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ralue determined from the tables of the normal integral such that 
: Jel <te 


te 
f ett? dp = 1—6. 
2 
le 
x t, provides ‘short unbiassed' (Neyman, 1937) con- 
Regarded as 


isa 
Confidence limits for x are then available from the region 


if t 


(2.2) 


Since the region 


> 
fidence limits for z. let us consider the specific character of these limits. 
DEET a+ À < 0 


a function of æ. |z| < f, yields the following inequality as a quadratic equation in a, 


k. 
pi. Ay =P if we omit the subscripts on w, and 
(2.3) 


where Ag = % 


t, Ay = ta 
v,; furthermore denote the discriminant of the quadratic in (2.2) by 
The roots of the quadratic equation are. say 
A+ VA 


V = MA, Ay = [B pw) — (0. — p?)1 


we can state that 


LR TN 
š -— 
Lë. 


== 
an 


P ta < e < 0) == Ie. 


and these presumably are the confidence limits for x 
Let us now consider two present versions of the ‘quadratic method” of obtain- 


Consider then Fieller (1940. 1944). 


(Fieller’s Theorem): Confidence limits a, x for the ratio a are 


ing enfidence limits for the ratio x. 
L. 

To determine then the performance characteristic of Method 1. i.e.. the pro- 

… (25) 


Method 
given by (2.4) provided the coefficient Ay > 0 
bability (1.1). it is clear that we are concerned with the conditional probability 
= Piel > tle <t) 
P {|u| > t 


(2.6) 


since Ay > 0 implies that |u| > ¢,. Now z is a normal variate with zero mean and 
pı = (p—a)| v 1—2pa +a. 
2.5) is 


1, outside the 


unit variance, its correlation with w being 
1 +500 — jt 
P3) {(u —$)°— 2P (u š) Leg, 


Since w and z have a bivariate normal distribution. the numerator in ( 
Í Í "ae 


1 
Gn) 1 —pi R 
the region R’ in the (w, z) plane consisting of that part of the strip : |z| < 
lines : |u| = t. The denominator in 7, is available from tables of the normal integral 


\ äm 
ase 


Piju] >t} = 1— 


which approaches unity as £— oc. 
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Note also that the restriction that the discriminant A be positive is not involved 
in (2.5), since as Fieller (1944) has shown. if |u| < /, the expression : 
w—2puv-+r2 > (1—p?), or A > 0. 
We shall defer setting down the final expression of (2.5) in order to consider 
a second method or interpretation of the confidence limits for z presumed to be avail- 
able from this quadratic method. 


The following is believed to be the correct mathematical interpretation of the 
method given in Fisher, (1948) for determining confidence limits. or rather ‘fiducial 
limits’ for a on the basis of the inequality (2.2). 


Methc 2. The equation (2.2) yields confidence limits o = (A — vV A)| do: 


&4 = (A+VA)/A provided Ag > 0: if Ag <0, then the confidence limits are: 
= Qa VA &, = Q4 — V A)[As. 


R 
D 
Il 


For the performance characteristic 7, then 


_ P;+P, | 
m= p SH … (2.8) 


in terms of the respective probabilities 
P, =Pf|u| > t, |z| — t ws: (A) 
or the probability of obtaining the limits o, &,, (Ag > 0), and 
Py = P(|u| < ta |z| > te A> 0) 
= P(|u| «t, lz] Td. wu?—2puv--v? > GAP), se (2:10) 
with respect to the limits Ga Los (Ag < 0). It is important to note in P, that the in- 
equality in z becomes |z|>f,, since in using the limits Lo, Ga when the leading 


coefficient Ay of the parabola : Ay2?--2A,2--A, in a is < 0. we are in fact considering 


the region: |z| > t, 


As regards the denominator in (2.8) this may be computed directly if we 
make the transformations: 


1 


Ee cQ 

1 
m = == (ib) warn ISS 
Var) Mc 


with A(t) = £(1-2-x)//2(0.--p). Bw) = £ (a—1)/V/2(1—p) 
4 
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such that (t. w) are uncorrelated and have unit variance. Hence 


PIA > 0 = PEU > EL = Ply? > À 


r 5 
E 
=e) GN > el (2.12) 
keo i 


in terms of the non-central chi-square distribution with two degrees of freedom. Here 
À = 2(1—2pa-+-a2)/2(1—p*). The denominator (2.12) may be computed with the 
aid of tables of the Poisson distribution. 

To deal again with the probabilities 7,. 7. it is possible now to utilize a geo- 
metrie method based on certain properties of the bivariate normal surface which 
enables us to compute these. 


Consider then the numerator in (2.8). Im the original (w. v) plane the parallel 
lines : v = æu + t,'V1—2pa--a? with slope equal to z are tangent to the ellipse: 
u*—2pwv--v* = ((1--p?).' Consider then the region of integration as the transformed 
(w, z) plane. 


Thus the region of integration originally indicated in Figure la becomes 
the shaded portion in Figure 1b. 


Figure la 
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. 7. 
YY , 
SP | 


uate us te 


Figure Ib 
The numerator of (2.8) becomes 


P,+P, = 14+-114-1114-1V 
= (I+-ITI+V)+(1I+1V+ V)—2V 
l T er? dr--(1 2y > ]: 

Vn ER V €) « (2.13) 
where H is the bivariate normal integral, i.e.. P (|w | < t,,|z| < t}, or the volume of the 
bivariate normal surface in (u, z) with the rectangular base: 
Etes —t, <z < d, This is available from 
Statisticians (Pearson, 1931). 


— š t, < u< — 
the Tables for Biometricians and 


As regards the numerator of z, it is easily seen from Figure 1b that 
P (Jul> te |z|< t} = 0—6—V. (2.14) 
The final results for the performance characteristics for the two methods are then 


capil 
„m= 097 
te —£ 
J Í TP 
= er? dr 
Xm e 
j $75 
= | eitu- 
VEL 
To = Eu. T : … (2.18) 
en aT Plus > B) 
T-0 


—=— — 
` 
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as functions of <, 2. p. The performance characteristics z,. 7, have been computed 
for selected values in Tables 1—2 and /. = 1.96. i.e.. with reference to an assumed 
confidence coefficient = 0.95. 


TABLE 1. PERFORMANCE CHARACTERISTIC 7, (e, £, P) (METHOD |). 


¿=0.25 ¿=0.50 ¿=0.75 ¿=1.0 ¿=1.5 

` 0 0.5 0 0.5 0 0.5 0 0.5 0 0.5 
ax Ro SR? CT WU S A E 
0.5 849 950 873 950 896 950 914 950 938 950 
1.0 694 829 764 859 $27 887 872 908 926 938 
2.5 414 .367 621 597 .762 .755 .853 .843 .922 .921 
5.0 .348 .348 .596 .596 .755 .755 .843 .843 .921 .921 


TABLE 2. PERFORMANCE CHARACTERISTIC ~.» (a, Epi (METHOD 2) 


£20.25 £—0.50 £=0.75 ¿=1.0 

—— — = nee a ig ae 

i 0 0.5 0 0.5 0 0.5 0 0.5 0 0.5 
a ^ E uU m == 
0.5 .575 654 .576 .667 .586 .689 .604 .714 .661 773 
1.0 .442 .554 . 426 .553 419 560 .429 .576 .491 - 636 
2,5 .206 .172 .164 . 182 .177 . 189 .205 .212 .330 
5.0 .089 .086 .082 .080 . 112 TUL . 167 .167 .322 


Thus if a = 2.5, £ = 0.5, p = 0, 


the probability of being correct in determining 
the presumed 95% confidence limits by Method 1 is only 0.621. while by Method 
2 the probability is 0.164. 

Regarding the limiting values of the performance characteristic m(«. E. p) 
of Method 1, it is easy to verify that 


`ç 


lim ze, E p) = 1—e. ss (2116) 
oU 


As regards the limit as «—>-+00. it also may be shown that 


te—E 
= es 
gi == Í e ?" dr 
/2n » E 
lim 7,(a. E p) = = EE = A (2.17) 
as l € rt 1 
-— KE Í € dr 
ie š 


which may be further evaluated accordingly as ZZ 2,, ete. Finally 


lim ze, E p) = 1—-e. 
sw 


E 
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3. CONFIDENCE LIMITS FOR AN ABSCISSA 


We now consider the appropriate confidence limits in the following regression 


problem. Suppose that (yj, (i = 1..... n), represent n observations on a normally 
distributed variate y, each observation being obtained at a separate though fixed 
level or value x, (i = 1.....2). It is further assumed that the regression of y on + 
is linear, i.e., E(y,) = a+Bx, (6 = 1. ..:, n), z, P being certain unspecified parameters 


and that each y has a common variance = 0? (known). Corresponding to a parti- 
cular value = Y of the variate y it is required to determine confidence limits for the 
value of the abscissa X. This problem is a familiar one in regression analysis and of 
particular interest in biological assay and standardization problems. (Bliss, 1935 ; 
Irwin, 1943). 


Formally then we are considering an appropriate test of the hypothesis 


Y —a4fX s (3.1) 
with z,// unspecified and X, Y certain values. 


Utilizing the familiar properties of orthogonal transformations, the problem 
may be reduced to considering a sequence of » normally and independently distri- 


buted variates {w}, (à = 1,....n), with variance = oi. 


such that E (w,) = 0, (Up = 1 


y vs N—2), 


E Q0, 4) ER 0,4 = V ap, 


E (w,) = 0, = V/na+u,f, 
: ; = - . k n-1 
the w's being fixed values, Dra = = wl = y (z; DI. 
EI al 
a G n-2 
and in particular E wë = b Im, D bla; — ë)? 
i ys 


i=1 


The hypothesis (3.1) is equivalent to testing : 0, = A0, 12- B, the coefficient 
> = " Š » - a tl B :06 8 
of this linear hypothesis being A = (v, — wan X)/VX, ,.. B= ee. has were 
priate region for testing this hypothesis is appro- 
| In, — Aw B| 

zl Is Un 

iz* | Wie > es (3.2) 


! 


l, being specified from tables of the normal distribution with level of Significance = E. 
Hence confidence limits for X are then available from 


(3.3) 


in terms of the original variates. 


i, jj being the means of x and y respectively, and b 
the sample regression coefficient of y on z. 


8 


eer — - 
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Instead of computing confidence limits for X, it is more convenient to consider 
the corresponding limits for X* = A = (u,— vn X)/yX,, 1. a fixed linear function 
of X. The contidence limits for X* are then obtained on the basis of the inequality 


As 2 XX, < 0 PECES 


with Aj = MÉI OË 
^A = wy Ali yñ Fj 
À = (w, VRY oR 
and discriminant A* = 02 [u2..,- (wo, — Vn Y )2—c% ]. 
Since Methods 1 and 2 are extensively used in computing confidence limits 
for X it is of interest to ascertain their performance characteristics. 


The performance characteristic for Method 1 is 


SRE 2 _ P (|e*| € t [ws 1] > ot} . (3.5) 
Eeer, 


lt will be noted that the geometric situation is just as indicated in Figures la-1b. 
Instead of the ellipse there is a circle : w2; + (w,— ya Y)? = o% with center at 
(0. Va Y) in the (W, ,,20,) plane. We then transform to the bivariate normal space 
of the (w,,_,.2*) variates. which have mean values V'X, 4 P. 0 respectively, variances 
oi, 1 and correlation = —A/VIF A? = —X*[4/14-X'*. If we denote by V* 
the volume of the normal surface with rectangular base : 


SEN eg ie te ET eg ET 
oe 
then the performance characteristics for Methods 1 and 2 are 
—e)—V* w 
HS, Hw. ee E … (356) 


L ,=— 
1 te— - VEn-18 
o 


Von 


1— 


| ENER 
o 


LL pina VS 
= S e 
V27 Í 


EE an o xm 40 
m3 (X, 8,0) =— E je A 
CUN er P Ora > B 
Sch 
with À = (X, 41 4-X 9)8?/20*. 


Values of m{(X,f, el, TX, f, ol may then be obtained from Tables 1 and 2 with 
X* replacing a, ete. 
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4. CONFIDENCE LIMITS FOR INTERSECTION POINT OF TWO LINES 


As a further example of the quadratic methods for determining contidence 
limits consider the following problem. 


Suppose that (Xy; Yy): (ü = 1,.... ni). (to, Ya) (j = Lee), represent two 
independent samples of n, and n, pairs of observations respectively. Tt is assumed 
that for fixed values of the v's the y's are normally distributed with means 

Ely) = oa!) x, 

Ely) = Gt Late em (MEL) 
and with a common fixed variance =0?. On the basis of the two samples it is required 
to determine confidence limits for the abscissa X of the intersection point of the two 
population regression lines (Fisher, 1948). As a problem in testing hypotheses it is 
seen that it is required to find an appropriate region for the hypothesis : au 7 /,XN 
= %+P,X. We shall however not consider this problem as such but rather in an 
equivalent and simpler formulation. 


The problem of determining confidence limits for the intersection point of two regres- 


sion lines is equivalent to that of determining confidence limits for the intersection 
point of one regression line with a certain fixed line in the plane. For convenience we 
may assume that the fixed line happens to go through the origin. and then concern 
ourselves merely with one sample of » pairs of observations ( 
For each fixed x the regression L(y) = x-i-/^x is linear with 
=0* and further there exists a fixed line in the pl 


then required to test the hypothesis: PX = a+) X. 


X5 Yada zu) 
à constant known variance 
ane: y = Pow (Po known). It is 


The canonical reduction of the problem is the 


same as that in section 3. so 
that we may merely consider the sequence Ich, (i = 1, .... 2), such that Bw) = 0, 
(k: = L, ..., n—2), Bim, Ass 0, = VE, B, E(w,) = 0, = vnu. The hypo- 
thesis merely states that: 0, = 40, ,+C, where C = Val X i 

oX. 


Confidence limits 
are then available from 


Lon) = |w,—4 w, 1 —C| 
oy 144? 
get (CA —Bouy)— A, Ee 180) | 
o/1+A® < le. … (4.3) 
Since À is a linear faneiton of X, confidence limits for A(— X**) are then 
available from the inequality, 
Ay Anni —2AY PLA < 0 (4.3) 
where AP = a Po VE aot 
A = (Wy 4 PoV X. a), otn) 
AS ES (w, —h qu, — 0° 
and Pr = (PRW, PoV Zna) Ho, —f yu, — gi]. 


10 
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weg gre t.,]W,—PB VE | > 40} 
Hence 71 (X, æ, f, Bo) = Pime n-1—P oV “n-1 
š S P T NE D a] > Loi 
(are 


erh 1 

te— — (B—Bo)V En-a 
4.4 
£—i dr (4.4) 


w A E TR 
o 
and 


£ a - (B —Bo) V En 
= et dr4(1—e)—2V** 


2 
vi E PS ! (5-89) / Sa 
PULS pe mr Ree ore nrg iun 
A ptt mi 
pre p PUn 
k=0 d 


in terms of A** = E = vna + BB APP YE, 1]. V** being the volume 


1 — 
under the bivariate normal surfaee in (z**, 10, Al in the region : —t,— ow > RE 


l. d 3 
Sa < leck Z V Xni Pos —te < z** <t, The correlation between z** and [T 


is = —A/VI-F AP = — VE, y (u, — SEN V, 42-(u,—4/2X)* as a function of X. 
Tables 1 and 2 may then be utilized in ev aluating 71°, 773°. 

The performance characteristics Tı: 7 for Methods 1 and 2 have also been 
computed for the three situations described above when now the population variances 
are unknown, Clearly the same situations obtain as indicated by the limiting cases 


described above, in that 7,. 7, are functions of the particular parameters for which 
confidence limits are supposed to be provided. 
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SENSITIVITY OF A PROPOSED METHOD OF 
QUALITY CONTROL 


By W. L. STEVENS 


Universidade de Sao Paulo, Brazil 


In a recent paper, B. C. Bhattacharyya (1955) makes the interesting sug- 
gestion that when an operation is controlled by “go” and “no go” gauges, the sensitivity 
of control may be enhanced by making use of the exact measurements of articles 
which fall outside the control limits. In 1948, I proposed (the proposal was not new) 
the use of the indicator, c—«, to show when the mean goes out of control, where c and 
a are the numbers of articles in a sample of n, which respectively exceed the upper 
gauge or fall short of the lower gauge. Bhattacharyya's proposal is that, instead of 
giving equal weights to "rejected" articles, they shall receive weights proportional 
to the absolute amounts by which the measurements differ from the gauge which re- 
jected them. A similar modification is made to the indicator. a-+-c. used for detecting 
a change in standard deviation. He further says : 


“It is likely that X [the indicator proposed], based on actual measurements, 
will yield better results than Stevens’ indicator c—a. but a comparison of the ‘powers’ 


of the two will not be undertaken.” 


As the proposed new method demands additional work at the inspection bench 
and, moreover, work which is more difficult (since measurement needs more skill 
than gauging), it does seem to the present writer that the question of what is likely 
to be gained is a very important one. We therefore propose to examine in this paper 
the sensitivity of the new method for detecting changes in the mean. 


We shall suppose that the population is normal and, without essential loss of 

š . za £: Bit Ta & we 
generality, that the mean is zero and the standard deviation unity. We suppose fur 
ther the “go” and “no go” gauges have magnitudes —2 and +æ. The proposed method 


is that each article receives a score, 


t—x ud $> 
0 if -tx t< 
ta jt be 


where ¢ is the measurement (made only if the article is ‘rejected’). The indicator, 


X, is then the sum of the scores in a sample of n. 
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The expected value of the score is found as the sum of the contributions from 
two classes: those articles which exceed the larger gauge and those which fall short 
of the lower gauge. From the former class the expectation is evidently 


Í "ltr 


where a(t) = exp (—1?/2)/y(27). 


The integral is readily found to be : 


—ap 
where z = z(z) 

d E 
e p = f «(dt 


The contribution from the second class (1 <—a) is evidently the negative of the first, 
80 that the expected score is zero. 

We now want the expected score when the me 
away from zero. The contribution of the first cl 
that a movement of the mean through dy to the righ 
gauge dy to the left. 
obtaining 


an shifts a small distance oft 
ass may be found by recognizing 
t is equivalent to moving the upper 


In other words, we substitute x—dy for x in the above formula, 


(2—xp)—{d (¿—ap)/de) on 


(2—ap)—(—az—p+az)dp 
= (e—ap) -pò 


The contribution to the expected score is therefore increased by pô. 


Clearly, the in- 
crease in the contribution from the second cl 


ass is the same, and we conclude that 
the expected score is 2póp. The estimate of dy is therefore simply 


om = a ë 
2np 
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The variance of a single score is 
2 NES a(t) dt = 2 [fetu — 2x f tz (Oditè | 2 at} 


= 2f{(vz+ p)—2xz-+22p} 
= 2((1-++2?)p—az}. 


The variance of X is n times this, and the variance of the estimate dm is therefore, 


(1+-2*)p—az . 


2p? 


As the variance of the mean of n measurements is 1/n, the efficiency of estimation of 
the mean in the region of zero is accordingly : 


2p? 


(1-4-23)p—à 


The efficiencies percentage of the indicator c—« and of the new indicator are tabulated 
below, the values for the former being copied from Stevens (1948). 


EFFICIENCIES (PERCENTAGE) 


p c—a now ml. £(2+-p) 
 (2—p) 
0.5 63.7 100 100 106.2 
0.4 74.6 97.6 99.6 111.9 


0.3 80.6 89.9 96.5 109.0 


0.25 80.8 83.7 92.9 103.9 
0.2 78.4 75.5 87.1 95.8 


It appears that, although for large p, the efficiencies of the new method are indeed 
higher, at some point between p — 0.25 and 0.2 they are equal and for smaller values 
of p the efficiencies of the new method are below those of the old method. A higher 
efficiency for the new method can therefore be obtained only if we are prepared to do 
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much more work of measurement. Bhattacharyya proposes using gauges at the 
quartiles, implying that half the articles inspected will have to be measured. What 
would be obtained for this great increase in labour, is an increase of efficiency from 
30.8 to 83.7 per cent, an improvement which could equally be obtained by doing no 
measurement but increasing the number of gaugings by one twenty-cighth ! 


It is of interest to see how the measurements of articles falling outside the 
gauge limits could be used to the maximum advantage. The logarithm of the likeli- 
hood is 


—d(t—dy)?/24-b log (44-04) 


where b is the number of articles falling between the gauges and Y 
ling outside the gauges, and 


is over articles fal- 
+ 
q+-0q = Í 2(t—dyu)dt 


br 
= | 2412010 (8/2) dt 
—E 


= q+0(dn?). 


It follows that, for small displacements of the mean, the second te 


S rm does not contri- 
SS "oret E ae Des ; 
bute anything and therefore that 7 = yy contains all the information. 


score is accordingly /, which represents 
and zero if within. 


The individual 
the measurement. if this lies outside the gauges 
TD a d ia i Š 
The expected value of t is obtained as the sum of contributions from the two 
classes; above the upper gauge and below the lower gauge respectively. From the for- 
mer we have I 


Í. tz (L—àp)dt. = Í e {tz ()--z Dirt = Tr (z-- p)op.. 


The other contribution is clearly —z--(zz-- p)óy, 


so that the expected score is Ax2+-p)ôu 
' T T 
and the estimate of dye is ôm = 


?n(zz4-p) ` 
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SENSITIVITY OF A PROPOSED METHOD OF QUALITY CONTROL 


The variance of the individual score. when the mean is zero, is 


2 | £0) di = 2(az--p). 
x 


The variance of the estimate dm is hence 


2n(vz+-p) _ 1 


An?(x2+p}? 2n(12+p) 


and the efficiency is 2(vz-- p). The values of the efficiency are shown in the penulti- 
mate column of the table, headed ‘m.l.’ The efficiency of the proposed method falls 
appreciably short of that of the most efficient method. 


Now let us make an assumption which is the most favourable possible for the 
use of measurements on ‘rejected’ articles — that the cost of a measurement is the same 
as the cost of a gauging (actually it will be greater). Then. if measurements are used, 
in each sample of n we shall make. on the average, n (2— p) gaugings and 2np measure- 
ments, i.e., 2(24-p) observations. Alternatively. if costs are proportional to number 
of observations we could use a sample of n(2+p)/(2—p) articles and only gauge them. 
The quantity which measures the information supplied by the second method is there- 
fore obtained by multiplying Æ. the efficiency of simple gauging (column, c—a. of the 
table) by (2+-p)/(2—p). The results are shown in the last column of the table. 

It is observed that, for equal number of observations. the method of gauging 
alone. using the indicator c—a, gives a more sensitive control than can be obtained 
by using measurements and the best indicator, /. (Actually. the superiority will be 
lost for very small values of p. outside the table, but that is of no practical consequence 
because such small values would not be used in either method). Since we have assumed 
conditions unduly favourable to the proposal to use measurements on ‘rejected’ 
articles, it does appear that the proposal is not likely to prove very fruitful. 

Admittedly, the investigation is in the realm of ‘large samples’ and, to com- 
plete the study. one should also compare the whole course of the power curves in small 
samples. In view of the results of section 5.2 of Stevens. (1948), however, we are 
confident that a fuller investigation would not produce substantially different results. 


CONCLUSION 


The most costly but most sensitive method of control is by exact measurement 
of every sampled article. ‘The cheapest and simplest method is by the use of two | 
gauges. One asks if, between these extremes. there exists a method which. in a suit- 
able combination of costs. may be shown to be superior to either of the extremes. 
Bhattacharyya’s suggestion for such a method is first to submit the articles to a pair 
of gauges and afterwards to measure all which are ‘rejected’ by the gauges. The 
examination of this method has shown. however, that it will not usually be economical. 
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Seeking for another method, we may move ‘inwards’ from either extremes. 
Thus, instead of making ‘exact’ measurements. we may use an extremely coarse 
scale. Such a method, especially if the divisions are at the half intervals (0. 


5. LS; 


2.5, etc.) is excellent in practice, because it is less subject to mistakes and avoids the 
frequently observed bias towards the more strongly marked division lines of the 
conventional scale. The loss of sensitivity is small; even with a scale interval of one 
standard deviation. the efficiency of estimation of the mean is 91.7% and of the standard 
deviation. 83.39/. 


Alternatively, we may consider the possibility of using four gauges instead 
of two. It can be shown for example, that if the gauges are at — L.S, 0.6.-1-0.6 and 
ELS, the efficiency for the mean is 90.0% while that for the standard deviation is 


75.3%. Although four gauges are used. the average number of gaugin 


gs per article 
is only 2.27. 


These two possibilities —the use of measurements on a ve 


ry coarse scale, and 
the use of four gauges — seem to cover, in practice, 


the range between the two 
ges and it appears unlikely that 


asonable assumptions of the costs 
of the various operations. can be shown to be superior to all the othe 


extremes of exact measurement and control by two gau 
yet another method can be found which, with any re 


rs. 
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THE NATIONAL SAMPLE SURVEY 


NUMBER 8 


REPORT ON 
PRELIMINARY SURVEY OF URBAN UNEMPLOYMENT 
SEPTEMBER 1953 


FOREWORD 


0.1. In India a large number of persons are without employment or are 
obliged to remain idle a part of the time for lacl. of gainful work. The population is 
growing at the rate of about 40 or 45 lakhs per year and about 18 or 20 lakhs of 
persons normally start seeking work for the first time every year. Unemployment and 
underemployment constitute the greatest social problem in the country at present. 
This is why it has been decided that an important aim of planning in India must be to 
get rid of unemployment in 10 years. There must not be any increase in unemploy- 
ment during the Second Five Year Plan, and efforts must be made to create enough 
work to absorb at least the new entrants into the labour force during this period. An 
adequate understanding of the problem is a prerequisite for devising suitable 
means to deal with it. Unfortunately, very little is known about the precise extent 
or character of unemployment and underemployment in India. There have been 
occasional surveys in particular areas but the results are often not comparable; and 


` it is not possible to make any estimates for the country as a whole. 


0.2. Unemployment is not homogeneous. A single aggregate figure pur- 
porting to give the total number of unemployed persons has no doubt some value but 
is too abstract to supply a basis for effective action. The problem is complex and has 
many aspects. As regards the persons seeking work we have to make a distinc- 
tion between the two sexes, between different age-groups, between different educa- 
tional and technical qualifications. We have also to take note of previous experience, 
community to which the person belongs, his mother tongue, whether he is a displaced 
person or an immigrant from another part of the country, duration of unemploy- 
ment and many such personal matters. These special needs and characteristics of 
each individual who is working or who is seeking work have to be viewed in relation 
to the avenues of employment. The creation of opportunities of employment 
cannot thus be approached merely in overall terms. The problem has to be analysed 
in terms of sectors, regions and specific category of persons. 

0.3. In India a very large number of persons work on their own account in 
household enterprises and do not hold any paid jobs and cannot therefore lose their 
jobs. The concept of unemployment, as usually adopted in the highly industrialised 
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countries of the West, does not wholly apply to them. It is not true in their case that 
during any particular reference period of a week or a month, they are either fully 
employed or are wholly unemployed (which is the case in industrialised countries like 
the U.S.A.). Often they are fully occupied for part of the time and only partially or 
not at all for the rest of the period. It is the existence of this underemployment 
to an appreciable extent that makes the task of definition of unemployment and its 
measurement difficult. It becomes necessary to introduce the concept of the volume 
of work and earnings. That is to say, underemployment may be assessed with refer- 
ence to the actual work done as a fraction of a “normal period of work”, or the actual 
output as a fraction of the “normal output” or of actual earning as a fraction of the 
‘normal earning”. It may be necessary to construct reasonable standards of “normal 
period of work”,“mormal output" and “normal earnings" and to assess the volume of 
employment on the basis of fractions of such normals or standards. The other impor- 
tant consideration is that the concept adopted should be suitable to enable quanti- 
tative evaluation being made. In fact, an important task before us is to formulate 
precisely the concepts and definitions of employment and unemployment suited to 
our requirements and to devise appropriate methods to measure them. 


0.4. Unemployment and underemployment arise "due to lack of balance 
between individual needs and capacity for work of the millions of persons who 
are seeking work and availabilities of paid jobs or of opportunities to undertake 
gainful work on own account. In industrially advanced countries there is full employ- 
ment at full production. Unemployment can occur only when plants and factories 
are working below capacity, and fringe adjustments can be made through measures 
of social security. In India both unemployment and underemployment are chronic 
and structural because of a lack of economic development. Minor adjustments 
no doubt (and should, of course), be made through Employment an Së 
similar devices but the fundamental remedy lies only in economic develo Gang i 

0.5. It is necessary, therefore, to take a d x ; 
more and more paid posts would Be created br great 
up to facilitate earning on own account. 
educational and training facilities would b 
of technical personnel which would be re 
development, and how housing, 


ynamic view of the way in which 
gester opportunities would be opened 
It is also necessary to determine how 
e expanded to ensure an adequate supply 
quired in increasing number for economic 


| | transport, medical welfare and other amenities 
would be provided in an increasing measure in future. Gettin: 


and underemployment would then appear as the central task 
point of view of both individual and national needs. 


g rid of unemployment 
of planning from the 


0.6. Surveys of unemployment and underemployment are th 
value in connection with planning in India. The Planning Commission h 
shown much interest in such surveys, and it has been decided to include employment 
surveys as a part of the programme of the National Sample Survey in future. 


us of great 
ave naturally 


0.7. The present report gives an account of a preliminary survey which was 
undertaken in September 1953 covering towns with population above 50.000 but 
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excluding the four big cities, Calcutta, Bombay, Madras and Delhi. This was the first 
survey of its kind and was undertaken as a pilot enquiry to help formulating suitable 
concepts and definitions and developing suitable designs and methods of surveys of 
employment, unemployment and underemployment in future. Although pre- 
liminary in character, the present survey has given for the first time a picture of urban 
unemployment in the country in quantitative terms. 


0.8. A summary of the findings is given in Chapter Two of the Report. It 
may be briefly mentioned that in the urban areas covered in the pre: ent sample about 
2.6 per cent of the population was unemployed in September 1953. If the rate of 
incidence of unemployment is about the same in smaller towns (with population less 
than 50,000) and if certain adjustments are made for the big cities then one might 
make an estimate of about 2.24 million unemployed out of an urban population of 
about 68 million in September 1953. It is estimated that about 2.74 million were 
severely underemployed, that is, had employment on own account for only a quarter 
or less of the normal period of work. Adding this 2.74 million, who also were on the 
verge of unemployment, the total urban unemployment would seem to be something 
like 5 million. In the absence of unemployment benefits, the urgency of the problem 
can be easily appreciated. 


March 1956 P. C. MAHALANOBIS 
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THE NATIONAL SAMPLE SURVEY 
NUMBER 8 


REPORT ON 


PRELIMINARY SURVEY OF URBAN UNEMPLOYMENT 
SEPTEMBER 1953 


The Report relating to the preliminary survey of urban unemployment in September 
1955 was prepared by the Indian Statistical Institute and is being published in the form in 
which it was submitted to the Government of India. The views contained in this report are not 


necessarily those of the Government of India. 
CHAPTER ONE 
SCOPE AND METHOD 
INTRODUCTION 


Li. A countrywide survey of unemployment presents many a problem— 
that of concepts and definitions, of suitable sample design and of organisation, 
Before a regular esti- 


besides, of course, that of employing large resources. 
The National 


mating survey is attempted, much groundwork has to be done. 
Sample Survey accordingly decided to make a quick preliminary survey in 


September 1953. 


1.2. The present survey was of an exploratory character. Nevertheless 


it has brought to light much valuable information and has for the first time furnished 
a fairly detailed picture of urban unemployment in the country in quantitative 


terms. Chapter Two gives a summary of the main results. 


THE SCOPE AND DESIGN OF THE SURVEY 


All towns of India with a population of 50,000 and above, except 
Madras and Delhi, were brought 
The four metropolitan cities 


1.3. 
the four big cities of Calcutta, Bombay, 
under the geographical coverage of the survey 
of India were excluded from the enquiry as they were considered to have 
themselves and were likely to be much at variance 
Another reason for their exclusion was that a 


a was separately in hand and this was 


characteristics peculiar to 
with those of the other urban areas. 


special survey of unemployment in Calcutt 
expected to bring out the special features of unemployment in a big city like Calcutta. 


The towns having a population of less than 50,000 were left out of the sample mainly 
s having a | 

on considerations of time and economy, occasioned by the fact that the NSS could 

ating staff for this preliminary survey only for a short period of 


Spare its investig: 
ul between the completion of its sixth round and 


about four weeks during the interve : : 
the commencement of the seventh round. The geographical coverage of the survey 
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nonetheless extended over 175 towns having a total population of a little over 
23 million according to the 1951 Census. This represents nearly two-fifths of the 
total population living in towns and cities of India excluding the four big cities 
of Caleutta, Bombay, Madras and Delhi. 

14. The sampling design followed the pattern of the urban sample of the 
NSS sixth round. The six population zones of Census 1951 were regrouped into 
four population areas as follows : 


1. North and North-West India—Uttar Pradesh, Rajasthan. Punjab. 
PEPSU, Ajmer, Delhi, Himachal Pradesh, Bilaspur. 

2. Hast India—Bihar, Orissa, West Bengal, Assam. Manipur, Tripura. 

3. Central India—Madhya Pradesh, Madhya Bharat. Hyderabad, Bhopal, 
Vindhya Pradesh. 

4. South and West India—Madras, Mysore, Travancore-Cochin, Coorg, 
Bombay, Saurashtra, Kutch. 

1.5. The towns were classified into two size-classes, one having a popula- 
tion of not less than 1,00,000 and the other having a population between 50,000 and 
1,00,000. The towns in each size-class were further subdivided into four groups 
according to the population area to which they belonged. In this way, eight strata 
were formed. 


TABLE 1(1) : SELECTION OF SAMPLE TOWNS | 


FREE | TI I<K K IÓ K l TI @ J OUHH A A A<á<«<«<«á= TA 


samplo towns i 


SE area population above 1,00,000 2 between 50,000-1,00,000 
nens population name population 
- (18:000) (in 000) 
(1) (2) (3) (4) (5) 

1. North and North-West India e 
Uttar Pradesh, Rajasthan, 1. Rampur 1,34 5. 8 " | 
Punjab, PEPSU, Ajmer, 2. Bandas 3,42 M ma a 
Delhi, Himachal Pradesh, 3. Kanpur 6,36 ` 8 33 
Bilaspur 4. Ajmer City 1,97 

5. Amritsar 3.26 

2, Hast India 

Bihar, Orissa, West Bengal, 6. Gaya 1,34 17. Barat 
; ipur, Tri 7 f + Saranagar 77 
Assam, Manipur, Tripura 7. Tollygunge 1,50 18. Serampore A 

3. Central India -— e 
Madhya Pradesh, Madhya 8. Bhopal 1,02 19. 4 
Bharat, Hyderabad, Bhopal. 9. Hyderabad 10,86 20. uada 50 
Vindhya Pradesh 10. Ujjain City 1,30 5 

4, South de West India. e 
Madras, Mysore, Travancore- 11. Kakinada 1,00 21. Gadag 66 
Cochin, Coorg, Bombay, 12. Anma ana E 22. Nadiad 63 
S htra, Kutch 13. Mangalore 311 23. Palghat 
SS 14; Tiruchirapalli 219 = 70 


1 In the list obtained from the Census Superintendent, Uttar Pradesh, some time in 1951, the 
on of Gonda was shown as 76,331. This explains the reason for its inclusion in the list of sample 


populati : s ^ A 
on of the final figures of the 1951 Census the town was found to contain 


Later. on publicati 


owns. > À B y 
Our estimate was. however. based on the Census Superintendent’s figures. 


actually 33.566 people. 
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1.6. The sampling was done in three stages. In the first stage, a few towns 
were selected from each stratum with probability proportional to population and 
with replacement. The number of sample towns selected for this survey was 23 
of which 14 were drawn from towns with population above 1,00,000. For the purpose 
of census operation conducted in 1951, each town had been divided into a number 
of enumeration blocks. These blocks provided the sample units in the second stage. 
Each sample block was selected with probability proportional to number of house- 
holds and with replacement. Ten blocks were selected from each of the sample 
towns having a population above 1,00,000, and eight blocks were chosen from each 
of the sample towns having a population between 50,000 and 1,00,000. In the third 
stage, a number of households were selected for investigation from each of the sample 
blocks. In all, 4446 sample households were investigated in the survey. 


1.7. The investigation was conducted, as in other NSS enquiries, by personal 
visits to the households forming the ultimate sample units and the investigators 
collected information for all the members of the sample households by interviewing 
one or more members belonging to the household. 


CONCEPTS AND DEFINITIONS 


L8. Before we proceed to discuss the results of the survey it will be useful 
to explain the more important concepts and definitions adopted in the present 
survey. 

1.9. Industrial status. The term ‘industrial status’ is used in this survey 
to classify persons according to whether they are (1) gainfully occupied, (2) un- 
employed, seeking employment, (3) not in the labour force. Gainfully occupied 
persons are further classified into four sub-categories : (1) employer, (2) employee, 


(3) own-account worker, (4) unpaid household labour. 


1.10. ‘Unpaid household labour’ refers to those who receive no payment 
in cash or kind for their services in a family trade or occupation, but who may be 
boarding or lodging with the household in lieu of their services. They have to be 
distinguished from ‘family members engaged in domestic work only’ who do not 
belong to the labour force at all and represent an important component of the category 


‘not in the labour force’. 


1.11, An unemployed person may be either a new entrant to the labour 
force and seeking job for the first time or may have currently lost his employment 
dentified either as (1) unemployed, 


and may be seeking one. He may, therefore, be i 
unemployed, seeking employment 


seeking employment for the first time or as (2) 
not for the first time. 
and unemployed persons seeking employ- 


1.12. Gainfully occupied persons 
ogether constitute the 


ment (either ‘for the first time’ or ‘not for the first time’) t 
‘labour force’. 
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1.13. Persons ‘not in the labour force’ are classified into four sub-categories : 
(1) family members engaged in domestic work only, (2) rentiers and pensioners. 
(3) beggars and persons living on charities and remittances. (4) children, students 
and old and infirm persons. 

1.14. The employed and the unemployed. Any person working for gain 
or profit on any one day during the reference period of one month (see para 1.18) 
has been treated as employed. 

1.15. A person has been considered unemployed if (a) he was without a job 
for the whole of the reference period of one month, (b) was seeking a job and (c) was in 
a position to accept a job if he was offered one. Further, if a person did not seek 
work either on account of illness or on the belief that no work was available for him or 
in the hope of returning to the job from which he was indefinitely laid off, he was 
still marked as an unemployed person. On the other hand, a person was considered 
employed if he had a job although he might bo temporarily absent from work during 
the reference period on account of illness, vacation, industrial disputes or temporary 
lay off. Again, a person is deemed to be employed if he is only waiting to take 
up a new job which has been offered to him or getting ready to start a new business, 

1.16. Reference period. The reference period for the present survey 
a period of 30 days preceding the date of enquiry. 
period of reference, it is probable that. in some cases, the ‘industrial status’ of a 


person (as defined in para 1.11) may undergo some change. For example, a person 
who was not in the labour force during the e 


labour force as a gainfully occupied per: 
situation, his status was determined in 
labour force’ precedence over 


was 
During this comparatively long 


arlier part of the month, may enter the 
son in the later part of the month. In such a 
accordance with a scale which gave to ‘in the 
‘not in the labour force’ and to ‘gainfully occu- 
pied’ precedence over ‘unemployed seeking employment’, e 
this principle resulted in classifying an individu 
purpose of this survey if he was gainfully 
reference period, irrespective of whether 
during the rest of the period. 


The application of 
al as gainfully occupied for the 
occupied for at least one day during the 


he was gainfully occupied or unemployed 


1.17. Difficulties of comparison. The concept 
in the present survey is the one advocated by the ILO. Tt is, however, at variance 
with the concept which has been adopted in several other surveys. Even the NSS 
special survey of unemployment in Calcutta, conducted at about the s 
the present survey, has used a different concept for deter 
Any person found without employment but seeking 


of unemployment adopted 


ame time as 


mining unemployment. 


employment on the date of the 
survey was deemed unemployed in that survey. The definition adopted in the 


present enquiry should thus give a lower estimate of unemployment th 


an the one 
adopted in the Calcutta survey. To what extent the two should differ, 


it is not 
possible to say at this stage. In the NSS ninth round (August to October 1955), 


currently being conducted, an enquiry on unemployment all over the country has 
been undertaken on a large scale and one of the interesting points heing investi- 
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gated is to determine how far the different reference periods—a day, a week and a 
month—affect the estimates of unemployment. 


RELIABILITY OF ESTIMATES 


1.18. In a field where quantitative information is almost entirely lacking, it 
is not possible to check the results of the surv ey with existing information from 
other sources. The only check is afforded by a comparison of estimates obtained 
from independent sub-samples. In Appendix 1, a comparison has been made bet 
ween estimates obtained from the two sub-samples in respect of certain important 
characteristics, and this indicates that the two sub-sample estimates are of the same 
order. In many cases, however, the estimates may not be considered satisfactory if 


high precision is aimed at. 
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CHAPTER Two 


SUMMARY OF RESULTS 


2.1. This preliminary survey of unemployment in urban areas, conducted 


by the National Sample Survey during September 1953, was in the nature of a try- 
out intended to reveal the problems and difficulties likely to arise in an investiga- 
tion of this type and to enable, on the basis of experience gained, the development 
of suitable concepts and the framing of proper design for carrying out similar sample 
surveys in future with a view to providing reliable estimates. The survey covered 
all towns of India with a population of 50.000 and over except the four big cities of 
Caleutta, Bombay, Madras and Delhi. 4446 sample households drawn from 23 
sample towns were visited and detailed information was collected through the usual 
NSS method of interview. 

2,2, The survey has yielded valuable information and has, for the first 
time, furnished a detailed picture of urban unemployment in quantitative terms. 


GENERAL CHARACTERISTICS OF THE POPULATION 


2.3. The problem of employment and underemployment has been studied 


in this report against the background of demographic and general characteristics 
of the population covered in the survey. 


These characteristics. discussed in Chapter 
Three, are summarised below. 


2.4. It may be explained that the estimates in this Report are being given 
to 3 or 4 figures as a matter only of arithmetical convention and may not justify. 
in many cases, the retention of more than two or even one significant figure. Para- 
graphs in this chapter are followed by a reference within brackets to the paragraph 
numbers in subsequent chapters which deal in detail with relevant topics. 

2.5. Age and sex. 55.85 per cent (males 29.40 per cent and females 26.45 
per cent) of the population belong to the age-group 16-61, which may be assumed 

as the working age ; 40.56 per cent (20.53 per cent males and 20,03 ga cent females) 
belong to the age-group 0-15 and 3.59 per cent constitute the older people (62 and 
above). (3.4—3.5) 

2.6. Economic status. Earners and earning dependents together constitute 
only one-third of the total population: two-thirds are non-earning dependents. 
Among males, earners are 45.26 per cent and earning dependents 8.41 per cent: 
earners among females are only 5.98 per cent and earning dependents 7.54 per cent. 
Though persons of lower age-group constitute the bulk of non-earning dependents, 
the proportion of non-earning dependents in the employable age-group (16-61) is 
quite large (49.55 per cent) among females and not inconsiderable (17.16 per cent) 
even among males. (3.5 and 3.6) 

2.7. Household expenditure and economic status. More than 60 per cent 


f persons belong to households having a monthly expenditure of not more than 
of persons 
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Rs. 100 : less than 6 per cent belong to households having monthly expenditure in 
excess of Rs. 300. In the very low expenditure (up to Rs. 50 per month) and high 
expenditure (Rs. 500 or more) households for each earner there are only two 
dependents on an average: in the middle expenditure households (Rs. 100-300) 
there is a much lower proportion of earners, there being for each earner four 
dependents. (3.9—3.10) 

2.8. General education. Tlliterates constitute 57.36 per cent of the popula- 
tion. "literates below matric’ account for 37.86 per cent ; those who have passed the 
matriculation examination are only 3.17 per cent: the intermediates are 0.75 per 
cent and graduates and above only 0.64 per cent. All the literates put together 
fhus constitute only 42.42 per cent of the population, the males aecounting for 
27.82 per cent and the females for 14.60 per cent. Among males literates are 53.89 


per eent, substantially more than those (30.18 per cent) among females. 
(3.15—3.16) 


2.9. Technical or professional qualification. Persons with no technical 
onstitute $4.04 per cent of the urban population. 


or professional qualification € 
Only 14.49 per cent have some professional or technical skill without any degree 


or equivalent diploma and à very small number, less than two-thirds of one per cent, 


have higher technical or professional qualification. (3.18) 

2.10. Labour force. 32.20 per cent of the population are found to be gain- 
; 2.59 per cent are unemployed ; and these together make the labour 
force which represents 34.79 per cent of the total population. Two-thirds of the 
population are thus not in the labour force. Of them, about one-third are family 
stice work and the rest are children, students, old and 
infirm persons and persons living on charities. (3.21) 

2.3. Industrial status and age. One out of every twelve persons 
7-15 years) is gainfully occupied. More than two- 


fully employed 


members engaged in dome 


of tender age (age-group 
fifths of the number of persons of the age-group 16-61, which may be considered the 
employable age-group, are economically inactive of whom more than three-fourths 
are family members engaged in domestic work and the rest are mostly students 
ving on charity and old and disabled 


but also include rentiers, pensioners, persons li 
ine-tenths are in the labour force 


persons. Among males of this age-group nearly n 
age-group not even one-fifth are in the labour force and 


but among females of this 
(3.25) 


seven-tenths are engaged in domestic duties. 
THE EMPLOYED AND THE UNEMPLOYED 


2.12. Migration. Nearly two-fifths of the labour force is composed of 
migrants, more than half of whom have come from rural areas and about a sixth 
lisplaced persons from Pakistan, 


from urban areas. A little less than one-fourth are c (4.3) 


d among migrants from the rural and 
1 areas of other states is of the same 
Migrants from 


2.13. The percentage of unemploye 
urban areas of the same state and from rura 
order and varies from 3.47 to 4.91 while for local persons it is 6.36. 


31 


Vor. IS] SANKHY À : THE INDIAN JOURNAL OF STATISTICS [ Parts | & 2 


urban areas of other states are unemployed to the extent of 11.43 per cent and thoso 
from East Pakistan reveal the highest percentage of 15.10. (4.5) 

2.14. Extent of unemployment. Unemployed persons in urban areas consti- 
tute 2.59 per cent of the total population of which 1.16 per cent are seeking employ- 
ment for the first time and 1.43 per cent are now out of work but had some gainful 
occupation before. (4.7) 

2.15. Unemployed persons among males are 4.32 per cent and among 
females only 0.75 per cent. The unemployed males, however, represent 7.76 per 
cent of the male labour force and unemployed females 6.0 per cent of the female 
labour force. (4.8—4.9) 

2.16. Age and unemployment. There are unemployed persons even in the 
age-group 7-15 years and they constitute 9.32 per cent of the labour force of this 
age-group. But the incidence of unemployment is highest in the age-groups 16-17 
and 18-21; 21.64 and 20.56 per cent respectively of the labour force of these age- 
groups are unemployed. In the age-group 22-26 years, the proportion of the un- 
employed is much less (8.76 per cent) and it is still further reduced to 4.19 per cent 
in the age-group 27-36 years. This level is maintained till the age of 56 but there 
is a decline to 2.03 per cent after 57. Taking all ages together, the unemployed 
constitute 7.44 per cent of the labour force. (4.11) 

2.17. Pattern of employment. Arranged in order of 
facturing industries account for the largest percentage (31.87 per cent) of the gain- 
fully occupied followed by ‘other services’ (22.27 per cent), distributive Ra 
(17.98 per cent), agriculture, animal husbandry, fishery and forestry (11.30 per eent) 
and transport, storage, communication (10.05 per cent) 


importance, manu- 


i (4.19) 
2.18. The gainfully occupied are comprised of four categories employers 
employees, own-account workers and unpaid household | 


abour, Unpaid household 
riculture, animal husbandry, 


; 15 N 30.46 per cent); distributive 
services (21.51 per cent) : and other services (10.04 per cent) 


labour is practically confined to the four industries—ag 
fishery and forestry (34.40 per cent): manufacture ( 


These four industries 
also. Practically all the 
(4.20—4.21) 
nine-tenths of the 
AES other services (29.94 per 
cent) transport, storage and communication (13.06 per cent) and distributive 
(4.21) 

2.20. Employment and level of income. Among the gainfully occupied 

b 8 y 5 
persons 61.02 per cent have an income of less than Rs. 50 per month 


account for nearly nine-tenths of own-account workers 
employers are also to be found therein. 


2.19. The four industries which account for nearly 
employees are manufacturing industries (35.05 per cent) i 
à > 


services (8.33 per cent). 


86.33 per 
cent earn less than Rs. 100 per month. Persons whose income exceeds Rs. 300 per 


month are only a little over 1 per cent. (4.25) 

221. Incomes in some industries are better than in others, For example, 

in agriculture nearly 90 per cent of the gainfully occupied have incomes below Rs. 50 
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per month ; in transport this income group accounts for slightly less than 40 per 
(4.26) 


cent, and incomes are generally higher. 
Employees are 54.65 per cent. of 


2.22. Employees and type of employer. 
the gainfully occupied persons, a little less than one-fourth (23.58 per cent) of whom 
In other words, one out of every eight 


are employed in the government sector. 
The ‘govern- 


gainfully occupied persons is employed in the government. sector. 
ment sector’ includes government departments, local bodies, universities and other 
public institutions which derive the major part of their finances from public revenues. 
: (4.28) 

2.23. Among the employees who are illiterate, the percentage of those 
belonging to the government sector is 11.33, and to the non-government sector 88.67. 
The proportion belonging to the government sector among the ‘literate but below 
matriculate employees are 25.65 per cent, among matriculate and intermediate 
employees 55 to 56 per cent and among graduate employees 72.00 per cent, compared 
to the 23.58 per cent of all employees who belong to the government sector. Matri- 
culates and above are only 6.60 per cent of the employees in the non-government 
cent in the government sector. Illiterates account 


sector compared to 30.56 per 
for only one-fifth among employees in the government sector. They represent nearly 


half of all the employees in the non-government sector. (4.28—4.30) 
2.24. Education and unemployment. Only 8.58 per cent of the gainfully 
occupied persons have passed matriculation or ay higher examination and illiterates 
(48.16 per cent) and ‘literates but below veel (43.14 per cent) are very numerous. 
Among the unemployed, 21.59 per cent are illiterate and 60.23 per cent are ‘literate 
but below matric’ ; the educated are 17.99 per cent, showing a much higher propor- 
tion of the educated among the unemployed than among the gainfully occupied. The 
problem of unemployment in urban areas is seen to be much more Gals for the 
literates than for the illiterates. Only 3.46 per cent are unemployed in the labour 
force belonging to the group ‘jlliterates’. In the group —— but below E 
10.10 per cent are unemployed, and among matriculates and intermediates a little 
are without employment. There is some improvement in respect 


; Š hem the unemploved are no less than 9.10 per cent. 
of graduates but even among them "En Š (4.324,33) 


Technical and professional qualification and këng dee ws per 
cent of the unemployed have no technical DE professional Më Mir véi 
cent have professional or technical qualification without any Segue Or Ke 2 
diploma and only 4.18 per cent have been trained for some profession or tec 435 ; 
A little less than three-fourths (72.93 per cent) 
are fully employed and the rest (26.32 per cent!) 


degrees. The underemployed persons re- 
O PARA A 


e alante ).8 3 The small residual ‘not recorded’ 

y nee of 0.8 per cent. : c J : 
BA. He Geen for the sake of convenience. The alternative courso 
gee ‘tionately among different categories has not been 


AES dey of figuros in the text of the Report with those in the 


over 15 per cent 
2,25. 
2.26. Underemployment. 


among the gainfully occupied persons 


are underemployed to varous 


1 The ‘not recordod’ ace 
bercentage has been generally left out 0! 
of distributing the ‘not recorded’ percent 
generally adopted in order to ensure compara! 
Statistical Tables. 
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present 8.48 per cent of the population. Among the underemployed those who 
have work only for “quarter or less’ of the time comprise 3.17 per cent of the popula- 
tion. On the assumption that these seriously underemployed persons may be 
considered as virtually unemployed, we get 5.8 per cent of the population either 
unemployed (2.59 per cent) or badly underemployed (3.17 per cent). This represents 
a number which is more than double of the unemployed according to the definition 
adopted in this Report. (4.37) 

2.27. Reasons for underemployment. 46.89 per cent of underemployed 
persons gave lack of demand as the reason for their underemployment ` 18.26 per 
cent were unfit to accept work because of illnes 


: 5.83 per cent could not work for 
domestic reasons and 3.40 per cent did not have opportunity to work full time on 
account of lack of materials and equipment. Diverse reasons accounted for the 
underemployment of the remaining 25.62 per cent. (4.42) 

2.28. Level of income and underemployment. Less than 5 per cent of the 
underemployed have monthly incomes above Rs. 100 and only 16.89 per cent have 
incomes exceeding Rs. 50. As many as 60 per cent have incomes below Rs. 25. 
'The fully employed persons are naturally better off in this respect. A little more 
than half of them are still having incomes of less than Rs. 50 per month but this 
compares favourably with more than four-fifths (83.11 per cent) of the under- 
employed belonging to this income group. 


(4.43—4.45) 
2.29. Income expectation of the unemployed. 


An income up to Rs. 100 per 
month will meet the expectation of 85.07 per cent of the unemployed and nearly 


half of them will be content with an income half as much. 
expect more than Rs. 100-150 per month. 
above that range. 


12.97 per cent do not 
Barely 2 per cent expect an earning 
2.30. Income expectations of 50 per cent of illi e 
| ; of the illiterate unemployed 
mainly centre round the income range of Rs. 26-50 : 22.81 per cent would place their 
expectation at incomes not exceeding Rs. 25; 23.68 per cent would expect to earn 


an income between Rs. 51 : Rs : 2 
; NE and Rs. 100. "The only two important income levels 


for unemployed matriculates are Rs. 51— FTN e : 
: p y š See 51-100 which attracts 59.41 per cent of them and 
Rs. 101-150, which attracts 27.54 per cent. For the ; 
ke, Ve E i . For the graduates, the expectations 
are somewhat higher. Even among th ine i , y 
i gg > Ze g em an income of Rs. 51-100 may satisfy 20 
ser cent but half would expect an income Rs 50 ¿š a 
| š ! š ne of Rs. 101-150, and the remaining 30 per 
cent above Rs. 150. 
L Nat ` empl drum 
2.31, Nature of employment sough e " à 
j j 7 1 je sought by the unemployed. he conclusions 
that may be drawn in dcum of employment preference are of a broad character 
in view of the inadequate size of bos sample which does not lend itself to meaningful 
analysis in respect of minute classifications. One-fourth of the unemployed prefer 
to work on their own account and the rest seek jobs as employees. One-third of 
the latter seek employment as unskilled manual workers and one-fifth as skilled 
manual workers. The rest. wanting non-manual employment, are equally divided 
between those seeking administrative and clerical work and those seeking technica! 
and professional work. (4.49—4.50) 
ë 
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2.32. Altitude to registration. Only one-fourth of the unemployed in the 
urban areas have registered with the Employment Exchanges and the rest have not 
registered on account of various reasons, namely, ignorance, remoteness, lack of faith 
or mere indifference. (4.51—4.52) 

2.33. There are large differences in the matter of attitude to registration 
among the unemployed having different education standards. The proportion of the 
registered among illiterate unemployed is the lowest. Only 15 per cent of them 
register. This percentage goes up to 27 for the ‘literate below matric’, 45 for 
matriculates, 47 for intermediates and drops to 22 for graduates. (4.54) 

2.34, Among the illiterates, failure to register is ascribable primarily to 
ignorance (70 per cent): among literates who are not matriculates, non-registration 
is mostly due to ignorance (53 per cent) and lack of faith (29 per cent). As educa- 
‘lack of faith’ assumes more importance. Among 
14 per cent have given ignorance about Exchange as 
57 per cent have stated that they had no faith in 
the efficacy of registration as à means of securing employment. (4.56) 

2.35. With the help of this information, and on certain assumptions, the 
ata of Employment Exchanges, which otherwise can furnish only an 
distorted picture of the urban unemployment, could perhaps be 


tional qualification increases 
graduates, for example, only 
reason for non-registration, but 


registration d 
incomplete and 
made to yield useful results. 

2.36. Estimate of unemployment. 
designed to give reliable 
age to towns of population exceeding 50,000, assuming 
that the broad picture is applicable also to towns of population less than 50,000 one 
might make a rough estimate of 2.24 million unemployed in the urban areas including 
the four big cities of Caleutta, Bombay, Madras and Delhi and comprising an esti- 
mated population of nearly 68 million in September 1953. (4.60—4.64) 

2.37. If the severely underemployed, that is, those having employment 
for only ‘quarter or less’ of the normal time are also to be treated as virtually un- 
rly 2.74 million more would have to be added to the estimated number 


a total estimate of the unemployed and severely under- 
(4.64) 


education standard 


Lastly, although the present survey 


was not primarily estimates for the urban area as a whole, 


and was limited in its cover 


employed, nea 
of the unemployed, giving 
employed as very nearly 5 million. 


238. The number of the unemployed having an 
be called the educated unemployed, may 
(4.65) 


Tt is necessary to bear in mind that 
ately on data collected from 


of matriculation and above, and who may 
be estimated at 0.40 million in September 1953. 

2.39 Provisional character of estimates. 
the information presented in this Report is based ultim 
only 23 towns all over the country and this, of necessity, puts some limitation on the 
fully representative character of the estimates. They should, therefore, be viewed 


more as indicators of the order of magnitudes than as anything else having high 
presenting them is that even such order of 


precision. The justification for : 
d where there is hardly any information of a 


magnitudes is of great value in a fiel 


quantitative nature. 
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CHAPTER THREE 
GENERAL CHARACTERISTICS OF THE POPULATION 


3.1. Employment and unemployment are more fruitfully studied against 
the background of the characteristics of the population surveyed. Information in 
regard to some demographic characteristics of the population, namely sex. age. 
economic status, industrial status, educational standard and so forth, was. therefore, 
collected in the survey and has been suitably tabulated. 


3.2. The detailed results of the survey are given in the set of Statistical 
Tables which come after Chapter Four. 


Some of the salient features are brought 
out in this Chapter and the next. 


For facilitating reference, the tables in the text 
carry, along with their own numbers, a reference, within brackets, to numbers of 
relevant Statistical Tables. 


3.3. Age and sex. In Table 2 below is given the percentage distribution 
of population by age-group and sex as obtained from the survey, The scheme of 
grouping of ages is different from that followed in the 1951 Census and has been 


adopted so as to reduce considerably the effects of the observed bias in favour of 
particular digits. 


TABLE 2(2) : PERCENTAGE DISTRIBUTION OF POPULATION BY SEX AND AGE-GROUP 


— 5 
—-U 


ago-group male femal 
pe ale total 
(1) (2) (3) (4) 
E 0— 6 9.88 9.73 19.61 
^ Name- 10.65 10.30 20.95 
" a 1.95 1.66 3.61 
& de 4.23 4.23 8.46 
: E "à 5.12 1.82 9.94 
6. mn 7.86 6.54 14.40 
: À 6 5.35 4.56 9.91 
8. 41—56 3.60 3.27 6.87 
9. 5761 1.29 1.37 2. 
10, 62 & above 1.71 1.88 tem 
: 3.59 
11. total 51.64 48.36 100.00 
no. of sample persons (10,538) (9,867) (20,405) 
y o 


3.4. A comparison has baen made in the following Table between the age 
distribution of population covered in the survey with the age distribution of the 
population in urban India according to the 1951 Census sample tabulation after 
adjusting for the different age-groups adopted in the present survey and the Census. 


1 ant is fairly good. 
The agreement i yg 
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TABLE 3 : COMPARISON OF AGE DISTRIBUTION, SAMPLE SURVEY AND 1951 CENSUS 
base : each sex total = 100 


RENE uu 


sample survey 


1951 census (urban Indie 


age-group - 
malos females females males 
a) (2) (3) (4) (5) 
1 0— 6 19.14 20.12 18.46 16.69 
2. 7—15 20.62 21.29 21.33 19.85 
3 16—26 21.90 22.14 20.94 21.54 
t 27—36 15.21 13.53 14,76 16.35 
5 37—46 10.34 9.43 10.45 11.75 
6. 47—56 6.97 6.77 7.24 7.69 
T 57 and above 5.82 6.72 6.82 6.10 
8. all ages 100.00 100.00 100.00 100.00 | 


w the age of 15 years as children and assume 


[f we consider persons belo 
n 16 to 61 years, we may summarise the 


as lying normally betwee 


3.5. 
the ‘working age’ 
information as in Table 4 below. 


TABLE 4(2) : CHILDREN, PERSONS OF WORKING AGE AND OLDER PERSONS IN THE 


POPULATION 


percentage of total 


percentage of total in each sex 
age-group sesi 
males females total females males 
(1) (2) (3) (4) (5) (6) 

l. children : 0-15 20.53 20.03 40.56 41.41 39.76 
2. working age : 16-61 29.40 26.45 55.85 54.70 56.93 
3. older people : above 61 1,71 1.88 3.59 3.89 3.31 
4. all ages 51.64 48.36 100.00 100.00 100.00 


26 per cent of the urban popula- 


It is found that 26. 
.56 per cent are non- 


are earning dependents, and 65 
Among males, earners are 45.26 per cent, earning dependents 
t are non-earning dependents. Among females ` 


earners are much fewer, being only 5.98 per cent; the earning dependents are 7.54 per 
cent and as many as 86.33 per cent are non-earning dependents. Females account 
for less than one-fifth of all the earners and earning dependents and among them 

'The earners and earning dependents among 


more than half are earning dependents. 
males are 53.07 per cent and among females 13.52 per cent according to the 
This compares fairly well with the corresponding figures of 544 


f 1951 Census for the urban areas of the country. 


3.6. Economic status. 
tion are earners, 8.00 per cent 


earning dependents. 
are 8.41 per cent and 46.11 per cen 


present survey. 
per cent and 11.9 per cent o 
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TABLE 5(3) : PERCENTAGE DISTRIBUTION OF MALES AND FEMALES BY ECONOMIC 


STATUS 
a, iii lil i ii 
per cent of total in per cont of total 
each sox population 
economic status SÉ - 
males females total females males 
(1) (2) (3) (4) (5) (6) 
1. earner 45.26 5.98 26.26 2.89 23.37 
2. earning dependents 8.41 7.54 8.00 3.65 4.35 
3. sub-total : (1) & (2) 53.67 13.52 34.26 6.54 27.72 
4. non-earning dependents 46.11 86.33 65.56 41.75 33.81 
5. not recorded 0.22 0.15 0.18 0.07 0.11 
6. total 100.00 100.00 100.00 48.36 51.64 
no, of sample persons (10,538) (9,867) (20,405) OS 


3.1. Non-earning dependents constitute nearly two-thirds of the population. 
58.88 per cent of all non-earning dependents belong to the age-group 0-15, 37.79 
per cent belong to the age-group 16-61 and only 3.33 per cent belong to the age- 
group 62 and above. Of the male non-carning dependents 80.23 per cent belong 


to the age-group 0-15, 17.16 per cent belong to the age-group 16-61 and only 2.61 


per cent belong to the age-group 62 and above. Among females, only 46.71 per 
cent of non-earning dependents are in the age-group 0-15, about half (49 55 per cent) 


are in the age-group 16-61 and 3.74 per cent in the age-group 62 and above 
Table 6 brings out the comparison very clearly. | 


TABLE 6(4-6) : PERCENTAGE DISTRIBUTION OF POPULATION, MALES AND FEMALES 
SEPARATELY, BY AGE-GROUP AND ECONOMIC STATUS _ AALE 


— -  T_Əc Ə SPP  —  —ƏT—O 
—M———X 


economie status PEP EADP no. of 
0-15 16-61 = sum 
Srema total porsons 
(1) (2) (3) (4) (5) (6) 
l, earners 1.70 ire 
a e . 94. 

2. earning dependents 17.84 um ix 100.00 (5,358) 

3. non-earning dependents 58.88 37.79 3.3: 100.00 (1,032) 

d gek recorded 44.75 52.62 SE 100.00 (13,377) 

u e 2.63 0.00 (38) 

- = 

5, total 40.56 55.85 3.59 100.00 (20,405) 
6. earners 1.42 5 males i 

7. earning depondonts 24.23 NW 3-60 100.00 (4,769) 

8. non-earning dependents 80.23 17. 16 220 100.00 (887) 

We 39.11 60.89 SR e (4,859) 

- .00 i (23) 
10. total 39.76 56.93 3.31 100.00 
` (10,538) 
females 
+- mm ms "an: 

2, g dependents 10.20 82.37 4.43 90:00 (589) 
13. non-earning dependents 46.71 49.55 3.74 100.00 (745) 
14. not recorded 53.32 40.01 6.67 Dd (8,518) 

ü . 15) 
15. total 41.41 5 : 
` 54.70 3.89 100.0! 
š -00 (9,867) 
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3.8. Though persons of lower age-group constitute the bulk of non-earning 
dependents, the proportion of non-earning dependents in the ‘working age-group' 
(16-61) is quite large (49.55 per cent) among females and not inconsiderable 
(17.16 per cent) even among males. In regard to females it may be said that 
most of the dependents in this age-group are engaged in domestic work. The high 
proportion of male dependents is accounted for almost half by students or infirm 
persons in this age-group and half by the unemployed. A small proportion consists 
also of rentiers and pensioners, persons living on charities and persons engaged in 


domestic work only. 


3.9. Household expenditure and economic. status. If we classify the people 
according to the level of monthly expenditure of the household to which they belong 
we get the result, summarised in Table 7 below. 

TABLE 7(7b) : PERCENTAGE DISTRIBUTION OF POPULATION BY MONTHLY HOUSEHOLD 
EXPENDITURE CLASS 


¡x€_xIA-A>- < əə ə və.ə—ə—-piua 


monthly household per cent cumulative percentage! 
expenditure class of from 
(Rs.) persons 
below above 

(1) (2) (3) (4) 
l. up to 50 24.28 24.48 
2. 51—100 36.14 60.91 
3. 101—200 25.17 86.29 
4. 201—300 7.82 94.17 
5. 301—j500 4.22 5.83 98.42 
6. 501-1000 1.05 1.58 99.48 
7. above 1000 0.52 0.52 100.00 
8. not recorded 0.80 — — 
9. total 100.00 


a monthly 


3.10. 60.91 per cent of the persons belong to households having 
having a 


expenditure of less than Rs. 100, and 5.83 per cent belong to households 
monthly expenditure above Rs. 300, 


3.11. An interesting feature is the much lower proportion of earners and 
and non-earning dependents in the 


correspondingly higher proportion of earning 
households of low 


households of middle levels of expenditure compared to the 


expenditure level on the one hand and high expenditure level on the other. This 


is shown in the following Table. 


te à ly in each class the ‘not recorded’ percentage (0.80) and 
5 1 


1 After distributing proportionate 


cumulating from below and above. 
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TABLE 8(7a) : PERCENTAGE DISTRIBUTION OF POPULATION BY HOUSEHOLD EXPENDI- 
TURE CLASS AND ECONOMIC STATUS 4 


PL 
AME ML AC Um EE 
monthly expenditure class (in Rs.) 
economie status — — — 
up to 51- 101— 201— 301- 501- above 
50 100 200 300 500 1000 1000 
(1) (2) (3) (4) (5) (6) (7) (8) 
l. earners . 83.73 25.51 22,29 20.55 21.25 31.16 32.08 
2. earning dependents 9.69 8.82 5.64 5.12 1.40 10.37 
3. non-earning dependents 56.16 65.60 70.83 73.81 73.63 66.04 57.55 
4. not recorded 0.42 0.07 0.16 0.00 0.00 1.40 0.00 
5. total 100.00 ^ 100.00 100.00 100.00 100.00 100.00 100.00 
no. of sample persons (4,954) (7,375) (5,136) (1,596) (861) (215) uem š 


3.12. In the very low expenditure (up to Rs. 50 per month) households 
and the high expenditure households (Rs. 500 or more per month). for every earner 
there are only two earning or non-earning dependents on an average, but in the 
middle expenditure households (Rs. 100-300 per month), for everv earner. 


a : à there are 
four earning or non-earning dependents. | 


o 3.13. General education. The general educational standard for the purpose 
of this survey has been classified into five categories: (1) illiterate, (2) in 
rate, (2 


M à ; literate but 
below matric, (3) matric, (4) intermediate, (5) graduate and above 


DI D H H ü i A 

3.14, A person has been considered ‘illiterate’ if he e 
any language. The category ‘literate but below matric’ comprises persons who 
satisfy this minimum condition of literacy but have not passed the t "n l 
e | ni. G, À ` passed the matric 
or any other examination of equivalent standard arme 


annot read and write 


` ation 

‘Matric’ refers t 

av Au Pi i H i aait a I 

have passed matriculation or an examination of equivalent standard Gerges SEN 

ez à s ù ent standard but have not 

proceeded beyond. The group ‘intermediate’ refers to persons wh | 
US $ oO 


r * : : Š have ace 
the intermediate examination in arts, ave passed 


science or commerce. The fifth 


a ; s group. 
graduates and above, is constituted of those who hold university d m 
y degrees. 


3.15. The present survey has revealed that illiterates constitute 57.36 ver 
cent of the population in towns covered by the survey, ‘literate Dis " epee por 
account for 37.86 per cent, those who have only passed the dia ow ened 
tion are 3.17 per cent, the ‘intermediates’ are 0.75 per cent and vm ation examina- 
only 0.64 per cent. For 0.22 per cent educational particulars ould ice San 
for one reason or other. pe collected 


3.16, All the literates put together thus constitute only 42.42 per cent of 


the population. the males accounting for 27.82 per cent and the females for 14.60 per 
cent. The corresponding percentages for male and female literates according to 
Census 1951 Urban-Sample tabulation (Census of India paper No. 5 Table D-VIID 


are 24,30 and 10.29. The Census tables do not give the information for urban areas 
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separately in respect of detailed classification of literates by their educational stand- 
ard to enable a more detailed comparison being made. The somewhat higher pro- 
portion of literates both among males and females, as found in the present survey, 
may be due to the fact that the Census data relate to the entire urban area which 
includes, besides the larger towns covered in the survey, also towns having 5090 to 
50,000 people. This latter class of towns are likely to have fewer literates than 
the larger towns with the result that the over-all literacy in the entire area as 
obtained from the Census will evidently be less than that estimated from the survey. 


TABLE (8a) : PERCENTAGE DISTRIBUTION OF POPULATION BY SEX AND GENERAL 


EDUCATION 
— 3 1Í n|;À .ocÑ(Ü .>D - >s —R— — 

no. of 

goncral education malo femaie total sample 

persons 

(1) (2) (3) (4) (5) 

1. illiterato 23.73 33.63 57.36 (11,704) 
2. literate but below matric i 23.82 14.04 37.86 (7,725) 
3. matric 2.73 0.44 3.17 (647) 
4. intermediate 0.09 0.06 0.75 (154) 
5. graduate and above 0.58 0.06 0.64 (130) 
6. not recordod 0.09 0.13 0.22 (45) 
51.64 ` 48.36 100.00 (20,405) 


7. total 


3.17. Among males, again, 45.05 per cent are illiterate and another 46.14 
por cent are literate but have not passed the matriculation or any other equivalent 
Matriculates and intermediates account for 6.62 per cent and graduatos 
and persons having higher general education constituto 1.13 per cent. Illiterates 
among females aro very numerous (69.54 per cent) while litorates bolow matric gonen 
tute 29.02 per cent. Tho percentage of females having a goneral education, matri- 


examination. 


culation or above, is only 1.16. 


E Y D L 
TABLE 10(8b) : PERCENTAGE DISTRIBUTION OF MALES AND FEMALES BY GENERA 
EDUCATION 
gencral education male femalo total 
(1) (2) (3) (4) 
l. illiterate 45.95 Een tes 
2. literate but below matric 46.14 29.02 - : 
3, matric 5.29 0.91 3.1 
ç .14 0.75 
4, intermediate 1.33 5 > Ge 
5. graduate and above 1.13 SE S a 
6. not recorded 0.16 :3 .99 
7. total 100.00 100.00 100.00 
numbor of sample porsons (10,538) (9,567) (20,405) 
4l 
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3.18. Technical or professional qualifications. "Technical ard. ue 
qualifications of persons have been broadly classified into four ss — + 
(a) no technical or professional qualification, (b) professional or Ee sal p 
out any degree or equivalent diploma, (c) certificate or diploma in typing, stenography. 


nursing, midwifery or pharmacy, (d) degree or equivalent diploma in any technology 
° P 
or profession. 


3.19. Persons with no technical or professional qualifications constituto 
84.04 per cent of the population of whom 38.54 per cont aro males and ann por 
cent are females. Only 14.49 per cent have somo professional or technical skill 
without any degree or equivalent diploma (excludin 
stenography, nursing, midwifery and pharmacy) and a very small number, only 


0.65 per cent of the entire population, have medium or hig 
qualification. 


£ certificate or diploma in typing, 


her technical or professional 


TABLE 11(8a) : PERCENTAGE DISTRIBUTION OF POPULATION BY TECHNICAL OR PRO- 
FESSIONAL QUALIFICATION 


ee 


———— 
technical or professional 


number of 
male female total samplo 
qualification persons 
(1) (2) (3) (4) (5) 
l. no technical or professional 
qualification 38.54 15.50 84.04 (17,147) 
2. professional or technical skill 
without any degree or 
diploma and not covered by 
category 3 below 11.85 2.64 14.49 (2,957; 
3. certificate or diploma in 
typing, stenography, nursing, 
midwifery or pharmacy 0.69 0.08 0.75 (159) 
*. degree or equivalent diploma 
in any technology or pro- 
fession 0.47 0.01 0.48 (97) 
5. not recorded 9.09 0.13 0.22 (45) 
6. total 51.64 48.36 106.00 (20,405) 


3.20. The disparity between the two sexes in this 
in Table 12. In both sexes persons having no techn 
predominate. They account for 74.67 per ceni 


of the males and 94.05 per cent of 
the females. The divergence between the sexes increases a, 


S we ascend the scale of 
qualifications. The higher the qualification, the greater the divergence. There 
: men with professional or techni- 


among males as there are such 
5 he divergence is more than double for 
women among females. T g 


alification and very much larger for the next following, 
qui 10 . 


respect is seen clearly 
ical or professional qualification 


are, for example. proportionately four times as many 
cal ‘skill without any degree or equivalent diploma 


the next higher 
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TABLE 12(8b) : PERCENTAGE DISTRIBUTION OF MALES AND FEMALES BY TECHNICAL 
OR PROFESSIONAL QUALIFICATION 


bm 


technical or professional male female ^ total 
qualification 


l. no technical or professional qualification 74.07 94.05 84.04 


profossional or technical skill without any 
degree or equivalent diploma and not 


to 


covered by category 3 below 22.93 5.48 14.49 
3. certificate or diploma in typing, steno- 

graphy, nursing, midwifery or pharmacy 1.36 0.16 0.77 
4. degree or equivalont diploma in any tech- 

nology or profossion 0.88 0.03 0.48 
5. not recorded 0.16 0.28 0.22 
6. total 100.00 100.00 100.00 
number of sample persons (10,538) (9,867) (20,405) 


3.21. Industrial status. We may conclude this Chapter with a discussion 
on industrial status which describes whether a person is gainfully occupied, is un- 
employed and seeking employment or is not in the labour force. This will be in the 
nature of a brief introduction to the ‘labour force’ which is of main interest in the 
present enquiry and to a detailed consideration of which the whole of the Chaprer 
Four is devoted. The gainfully occupied are only 32.20 per cent of the population. 
The unemployed are 2.59 por cent and the two of them together constitute the ‘labour 
force’ which is 34.79 per cent of the population. The Census 1951 concept of ‘working 
forco’ is somowhat difforont from tho concept of ‘labour force’ adopted in the present 
survey. Tho unomployed do not figure in the ‘working force’ of the Census which 
is comprised simply of the carnors and carning dependents. It does not Map 
to tho category 'gainfully oceupied' either, inasmuch as every earner or earning 
dependent neod not be in the labour force at all. A rentier or a beggar, for EEN 
who maintains himself from his income is an ‘earner’ but he is not ‘gainfully occupied a 
If we add to tho number of ‘gainfully occupied’ the number of rentiers, ars 
and persons living on charities etc., our concept would Geer À closely approximate the 
Census concept of ‘working force”. This may be estimated from Table 13 below by 


adding the figures in column 4 at row 1 and row 5. As against 33.6 per cent thus 
arrived at bat have the Census figure of ‘working force’ as 34.7 per cent of the total 


population for the entire urban area which includes towns of population size 
5000-50,000 also. 
3.22. Persons ‘not in labour force’ constitute 64.66 per cent of the popula- 


tion out of which family members engaged in domestic work account for sees ae 
cent; children and students, old and infirm persons 40.95 per cent; rentiers and 


pensioners 0.61 per cent, beggars 0.82 per cent. 
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TABLE 13(9) : PERCENTAGE DISTRIBUTION OF POPULATION BY SEX AND INDUSTRIAL 


STATUS 
industrial status males females total 
a) (2) (3) (4) 
Persons in labour force 
1. gainfully occupied 51.33 11.74 32.20 
2. unemployed 4.32 0.75 2.59 
3. sub-total 55.65 12.49 34.79 


Persons not in labour force 


4. family members engaged in 


domestic work only 0.62 45.49 22.98 
5. rentiers, pensioners, 

beggars ete. 1.32 1.55 1.43 
6. children, students, old and 

infirm persons 41.86 39.98 40.95 
7. sub-total 43.80 86.95 64.66 
8. not recorded 0.55 0.56 0.55 
9. total 100.00 100.00 100.00 
number of sample persons (10,538) (1,807) (20,403) 


3.23. Porsons ‘not in tho labour force’ are 
among females (86.95 por cent) as among males ( 


duo to the vory high proportion of fomales (45.42 
tic work only ; the corresponding 


proportionately twice as many 
43.80 per cont). This is mainly 


nee per cent) who aro engaged in domes- 
ortion for m is ' 
alos is only 0.62 per cont. 


à 5, old and infirm 
Which 47 por cont belong to 
Ys and girls of age 7-1 


cont of age 16-21 yoars. About 6 per cent aro either 5 


5 yoars and 5 per 
that limit. 


í years old or have crossed 


TABLE 14(10-12) : PERCENTAGE DISTRIBUTION o 
N OF THE y 
‘CHILDREN, STUDENTS, OLD AN ec Serie ug e EE 


D INFIRM PERSONS By AGE AND SEX 


— — vn  —  — N nn a“... 


» age-group 
0-6 7-15 16-21 22-56 57 & abovo total 
ota 
m (2) (3) (4) (5) (6) 
(7) 
1, males 44.96 41.44 7.87 1.86 
à 3.87 100.00 
2, femalos 49.71 36.60 2.46 3.25 7.98 100 
; .00 
€ CET 39.16 5.31 2.58 5.81 100.00 


— 
was ss r rr rc r Fa r aa 
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3.25. The summary results which are given below in Table 15 reveal some - 


striking features. On the one hand, as many as one out of every 12 persons of tender 


age (age-group 7-15) are gainfully employed, economic circumstances making it 
perhaps obligatory on many children to take up work for a living ; on the other hand. 
quite a large number of persons of the age-group 16-61, that is, the working age- 


group, are economically inactive, a large proportion of them being females who are 
kept busy in domestic activities. 


TABLE 15(10a) : PERCENTAGE DISTRIBUTION OF POPULATION BY AGE-GROUP AND 
INDUSTRIAL STATUS 


—— EE 


age-group 
industrial 
status 0-6 7-15 16-17 18-21 22.26 27-36 37-46 47-56 57-61 62& total 
e above 
a) (2) (3) (4) (5) (6) (7) (8) (9) (10) 01) (12) 
1. gainfully occu- 
pied persons 9.07 8.66 27.08 36.71 52.39 61.50 61.94 56.46 44.39 28.37 32.20 
2, unemployed 
persons seeking 
employment 0.00 0.89 7.48 9.50 5.03 2.69 2.28 2.49 0.92 0.55 2.59 


3. family membyrs 
engaged in 
domestic work 0.35 13.10 33,47 40.59 39.58 33.19 31.96 27.80 21.36 13.10 22,28 


4, other persons 

not in tho lab- 

our force 98.55 76.65 31.70 12.85 2.66 2.21 3.47 13.04 32.96 57.57 42.38 
5. not recordod 1.03 0.70 0.27 0.35 0.34 0.41 0.35 0.21 0.37 0.41 0.55 
6. total 100.00 100.00 100.00 100.00 100.00 100.00 100.00 100.00 100.00 100.00 100.00 


bor of l 
saa ER (4,002) (4,274) — (735) (1,727) (2,029) (2,938) (2,021) (1,403) (543) (733) (20,405) 


3.26. The preceding paragraphs give à brief account of some of the charac- 
teristics of the general population. The Chapter which follows deals more specifically 
with employment and unemployment in their diverse aspects. 
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CHAPTER Four 


THE EMPLOYED AND THE UNEMPLOYED 


4.1. In this Chapter we propose to present in some detail the information 
on employment and unemployment. The topics covered are trends of migration 
and their influence on employment, the structure of the labour force, the pattern of 
employment and income in different industries, the extent of unemployment and 
underemployment, the qualifications, expectations and preferences of the un- 
employed, the attitude of the unemployed to registration with Employment 


Exchanges. The Chapter concludes with an estimate of the number unemployed 
.in the urban areas. 


TABLE 16(15a) : PERCENTAGE DISTRIBUTION OF LABOUR FORCE BY TYPE OF MIGRANTS 


bm 


type of migrants gainfully un- total 
or non-migrants secupied ^ employed 
a) (2) (3) (4) 
non-migrants 
1. local persons 54.21 45.84 53.59 
2. temporary visitors 4.08 4.73 4.13 
sub-total 58.29 50.57 57.72 
migrants from 
3. rural aroa of tho sumo stato 18.27 11.74 17.78 
= g 4. urban area of the same stato 6.18 3.60 5.99 
5. rural aroa of different statos 5.08 2.27 4.88 
6. urban area of different states 0.94 1.52 0.99 
7, East Pakistan as displaced persons 4.96 10.98 6.41 
8. West Pakistan as displaced persons 3.84 5.30 3.94 
9. other places 0.90 0.57 0.87 
sub-total 40.17 35.98 39.86 
10. not recorded 1.54 13.45 
11. total 100.00 100.00 a 
no. of sample persons (6,569) (528) (7,097) 


4.2. Migration. A large proportion of persons constituting tho labour 
force consists of those who do not belong originally to the town of their prosent 
residence. They have come to the town at various periods with tho intention of 
staying there for more than a year. They are termed migrants as distinct from 
temporary visitors who may have come to a town purely for a short visit and with 
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no intention of staying for at least a year. These migrants have come, over many 
years, from various parts such as rural area of the same state, urban area of the same 
state, rural or urban area of a different state or from outside the country. A special: 
catogory of migrants is composed of those persons who have come as displaced 
persons from East or West Pakistan. The following Table shows the proportion of - 
the local persons, tho temporary visitors and tho migrants of different categories 


in the labour forco of our urban arcas. 


4.3. Nearly 40 per cont of the labour force is composed of migrants, more 
than half of whom havo como from rural areas, about a sixth from urban areas and ` 
a little loss than ono-fourth are displaced persons from Pakistan. 


4.4.. This description is more or loss applicable to the gainfully occupied 
group but has to bo substantially modified in the case of the unemployed. Among 
the unemployed also the migrants are almost two-fifths, of which two-fifths are 
from rural areas and between half and two-fifths are displaced persons. $ 


TABLE 17(15b) : PERCENTAGE OF UNEMPLOYED IN THE LABOUR FORCE.OF DIFFERENT 
TYPES OF MIGRANTS 
——————— 


porcentage of unemployed in the labour force of 
each migrant or non-migrant class 


type of migrants or non-migrants 


for the first not for the total 
time first time 
a) (2) (3) (4) 
non-migrants 
1. local persons 2.71 3.65 6.36 
2. tomporary visitors 4.09 4.44 8.53 
sub-total 2.81 3.71 6.52 
migrants 
.91 
3. rural area of the samo stato 2.06 2.85 4.9 
5 4.47 
4, urban area of the same state 1.65 2.82 . 
3.47 
5. rural area of different states 1.45 2.02 
11.43 
6. urban aroa of different states 7.14 4.29 
15.10 
7. East Pakistan as displaced persons 7.81 7.29 
10.00 
8. West Pakistan as displaced persons 3.57 6.43 
1.61 3.23 4.84 
: 9. other places . 
5 3.75 6.72 
| sub-total 2.97 
22.09 19.19 41.28 
10. not recorded LE 
| 3.34 4.10 7.44 
| 11. total 
| 237 (291) (528) 
| number of sample persons (237) 
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4.5. The question arises as to how these various categories of migrants 
ha.« fared in regard to employment. It is interesting to find that the percentage 
of unemployed among the migrants from the rural and urban areas of the same state 
and from rural areas of other states varies from 3.47 to 4.91 and is less than the per- 
centage of unemployed among the local persons, which is 6.36 per cent. and about 
half for the entire labour force. Compared to the average rate of 7.44 per cent for 
the entire labour force, migrants of this class are much better off. On the other 
hand, migrants from other urban areas are much worse off with unemployment of 
11.43 per cent. Worst are displaced persons from East Pakistan showing an un- 
employment percentage of 15.10. Displaced persons from West Pakistan fare better. 
but with unemployment at 10.00 per cent, the situation is far from satisfactory. 
Table 17 (see page 23) presents this information for the different types of migrants 


or non-migrants and separately for the unemployed persons, seeking employment 
‘for the first time’ and ‘not for the first time’. 


4.6. To study the normal trends in migration, one should take into 
the situation created by the influx of displaced per 
West Pakistan in the years following the Partition. In the following Table is shown 


a percentage distribution of migrants (excluding displaced persons) in the labour 
force of urban areas by place of migration and by range of dur. 


account 
sons into India from East and 


ation of migration. 


TABLE 18(18a) : PERCENTAGE DISTRIBUTION OF MIGRANTS ( 


PERSONS) IN THE LABOUR FORCE BY CATEG 
TION AND RANGES OF DURATION OF 


——————————— 


EXCLUDING DISPLACED 
ORIES OF PLACE OF MIGRA- 
MIGRATION 


———— — 
3 a 
category of place rangos of duration of migration 
of migration 1 year- 2 
š à 2 years. 4 years- 6 " 
ime tren heen yan Ze 
(1) (2) (3) (4) (5) m 
1, rural area of the same š: 
tati 5 
state 51.50 60.40 52.38 64,33 59.91 
2. urban area of the same Kos 
state 23.95 18.49 24.66 17.97 
3. rural area of diffe- ` mes 
rent states 20.36 18.00 15.14 480 
ES +90 lil: 
4. urban area of diffe- " 
rent states 4.19 2.50 4.33 2.24 
4 3.45 
5. other places 0.00 0.52 3.49 0 
* .56 5.60 
6. total 100.00 100.00 100.00 100.00 
š 100.00 
Bae on sample Pemous m (167) _ (200) (231) (356) (239) 


4.7. Unemployment and sex. Unemployed persons seekin 
in the urban areas (under survey) constitute 2.59 per 
of which 1.16 per cent are fresh additions to the unem 


Ë employment 
eent of the total population 


ployed and 1.43 per " 
š š 5 * cent are 
out of work now but had some gainful occupation before. eer RO 
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4.8. The proportion of unomployod porsons among males (4.32 per cont) 
is much higher than among fomalos (0.75 por cont). It should not, however, bo in- 
forred that employment opportunities aro better for fomales than theso aro for 
males. Tho reason for the lower percentage of unomploymont among fomalos 
may bo found in tho fact that à much smaller proportion of females is in tho 
femalo labour force. 

4.9. The disparity between the two soxos in regard to unemployment is 
seen to be much less if the proportion of the labour force in cach sex, unemployed 
at prosont, is taken as tho index of unomployment. Tho unemployod males represent 
7.76 per cont of tho malo labour force ; and the unomployod females account for 
6.00 por cont of tho female labour forco. Taking both sexes together 7.44 per cont 
of the labour force is unemployed. š 


TABLE (om : PERCENTAGE DISTRIBUTION OF LABOUR FORCE SEPARATELY FOR MALES 
AND FEMALES 


—..... 


labour forco 3 malo femalo = total 
(1) (2) (3) (4) 

gainfully employed persons 
1. omployer 1.49 0.56 1.35 
2. employoo 50.64 50.28 50.50 
3. own-account workor 34.30 25.23 32.77 
4. unpaid household labour 5.75 17.94 7.88 
sub-total . — . ey 92.24 , 94.00 , 92.56 


unemployed persons seeking employment 


5. for tho first timo 3.47 2.80 3.33 
6. not for tho first timo n ben ia 4.29 P 3.20 4.11 

sub-total 7.76 6.00 7.44 
7. total 100.00 100.00 100.00 
numbor of sample persons (5,865) (1,232) (7,097) 


4.10, A point of some intorest is the much largor proportion of tho unpaid 
household labour among fomalos (17.94 per cont) than among malos (5.75 por cont). 
This catogory is threo timos as numorous among fomalos than aoi malos. 

4.11. Age and unemployment. Tho impact of mmomployment is Ge =r 
on porsons of lowor ago-groups. This is scon cloarly in Table 20 im À e 
oach ago-group, tho proportion of the gainfully oceupied and the unomp "à ri ho 
labour force. It will bo roadily soon that incidence. of dr e À ighes e? 
tho ago-groups 16-17 and 18-21 ; moro than 1 out of every 5 (20.56-21.64 per ce 


: E E. a 
in tho labour forco in thoso ago-groups is in soarch of a job. In the ago-group 22-26 


years the proportion of tho unemployed in much loss (8.76 per cent) SÉ it is still 
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further sharply reduced to less than half as much (4.19 per cent) in the next age 
group of 27-36. Till the age of 56 this level is more or less maintained but there is 
again a decline to 2.03 per cent for the age-group 57-61 and 1.90 per cent for the 
age-group 62 and above. 


TABLE 20(10) : PERCENTAGE DISTRIBUTION OF LABOUR FORCE BY AGH-GROUP 
— ——  . 


age-group 
industrial status 


47-56 57-61 62& total 
above 
1. gainfully occu- — 
pied persons 100.00 90.68 78.36 79.44 91.24 


0-6 7-15 16-17 18.21 22-26 27.36 37-46 


95.81 96.45 95.78 97.97 98.10 92.56 


w 


. unemployed 
persons seeking 


employment 0.00 9.32 21.64 20.56 8 


2008 4.19 3.55 À 
3. total labour 
force 


22 2.03 1.90 7.44 


100.00 100.00 100.00 100.00 100.00 100.00 100.00 100.00 100.00 100.00 100.00 


1.12. It is not without interest that even boys and girls of the age-group 
7-15 have entered the labour force and they account for 12.24 pm cent of the un- 
employed persons seeking employment for the first time. Nearly three-fourths 
(72.56 per cent) of all the unemployed who seek employment for the first time are 
below the age of 21 and barely 10 per cent are more than 26 years of age. This may 
be contrasted with the unemployed who seek employment not Te dite first time. 
Among them persons below the age of 21 are only 29.21 per cent and 49.83 per cent 
are older than 26 years. 


TABLE 21(10b) : PERCENTAGE DISTRIBUTION 0 
AND AGE-GROUP N OF POPULATION BY INDUSTRIAL STATUS 


eee 


" industrial status 
à E unemployed seeking SS 
dis Md employ ment o not in tho tal 
NES CO WR not tota 
for the SCH - labour recorded 
first time fret time. iind 
1 2 D lo —— RH m! 
(1) ( J = (3) (4) (8) m m 
1 0— 6 0.05 0.00 0.00 30.00 — — MER AGER 
2 ¡—15 5.63 12.24 3.09 ER ais 1840) 
3 16—17 3.03 17.72 4.47 + 26.55 20.95 
1 1821 9.65 42.60 21.65 6:90 Ls 3.61 
> 2B 16.18 17.30 20.96 om dees dpt 
6 27 27.51 5.49 22.68 v.s 6.19 9.94 
no o8) 19.06 3.38 13.06 s pes Ero 
"um 12.06 0.85 11.34 dosi ve Ge 
9. 57—61 3.67 0.42 1.37 dox 2.66 9.87 
lo. 62 & above 3.16 0.00 1.38 3.93 ag = 
Les — - 2.65 3.5 
tal 100.00 100.00 100. 
p total ` i ' 100.00 10000 100 00 $50.15 
no. of sample persona (6,669) E (291) (13,195) (113) Keen (20,405) 
` = us ee ü 20,405) — 
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4.13. The features noted above, though generally true of the entire popula- 


tion, are more pronounced among males than among females. The main difference 


in the pattern is that among females a large majority are family members engaged 


in domestic work. 
4.14. ‘Potential labour force’. One might consider all persons belonging 
to the age-group 16-61, as comprising what may be called ‘potential labour force’. 
4.15. From the summary Table given below, it is seen that this ‘potential 
labour force’ accounts for 55.85 per cent of the population. 91.16 per cent of gain- 
fully employed persons and 92.04 per cent of unemployed persons belong to this 
age-group while 59.07 per cent of persons not in the labour force are seen concentrated 


in the age-group 0-15. 


TABLE 22(10) : PERCENTAGE DISTRIBUTION OF POPULATION BY AGE-GROUP SEPARA- 
TELY FOR EACH INDUSTRIAL STATUS 


ee 
no. of 


: i age-group 
industrial status total sample 
0-15 16-61 62 and persons 
above 
(1) (2) (3) (4) (5) (6) 
1. gainfully occupied persons 5.68 91.16 3.16 100.00 (6,569) 
2. unemployed persons seeking E 

employment 7.20 92.04 0.76 100.00 (528) 

3. persons not in the labour d 
force 59.07 37.00 3.93 100.00 (13,195) 

4. not recorded 62.83 34.52 g 2,65 100.00 (113) 
5. total 40.56 55.85 3.59 100.00 (20,405) 


4.16. Table 23 shows that 94.16 per cent of persons of the age-group 0-15 


do not belong to the labour force, but 4.98 per cent have already entered the labour 


force. 

4.17. Of persons belonging to the age-group 16-61, the age-group of potential 
labour force, 56.81 per cent are in the labour force and of the 42.85 per cent who 
in the labour force only one in eight is a male. The rest are females. 
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Amonz males of tho ago-group 16-61, 82.78 por cont aro gainfully occupied, 
6.97 por cont are unomployod soskinz work and loss than 10 por cent are not in the 


Amonz females of this age-group, 


the gainfully occupied are only 18.94 por cent, tho unemployed 1.26 per cent and 


nearly 80 per cent are not in the labour force. 


4.18. Pattern of employment. Table 24 shows how the different components 


of the gainfully occupiod group, namely employers, employees, own- -account workers, 
and unpaid houschold labour, are distributed in different industries. ` 


TABLE 24(20b) 


: PERCENTAGE DISTRIBUTION OF PERSONS OF 
AMONG THE GAINFULLY: OCCUP. D IN DIFFERENT INDUSTRIES ` 


EACH INDUSTRIAL STATUS 


aaa 


industrial status 


_industry 
own- unpaid al. 
omployer employee account household gainfully 
workor labour ` occupied 
UI EI (3) (4) (5): qu. 
l. agrieulturo, animal husbandry, à 
- . forestry, fishing, hunting 23.16 5.07 14.83 34.40 11.30 
2. mining and quarrying 0.00 3.20 0.17 0.00 1.81 
3. manufacturos | 38.95 35.05 27.04 30.46 81.87. 
4, construction 1.05 3.18 3.40 0.54 3.00 
5. electricity, water, gas and sanitary 
services 0.00 1.98 0.56 0.72 1.34 
6. distributive sorvicos 28.42 8.33 31.60 "24.54 17.98 
7. transport, storago and communica- 
tion 0.00 13.06 8.08 0.54 10.05 
8. other sorvicos not coverod above 7.37 29.94 13.97 10.04 22.27 
ñ; wëlt eeneg 1.05 0.19 0.30 1.79 0.38 
30. tonal 109 02 100 00 100.00 100.00 100.00 
4.19. According to their importance for providing employment to the urban 
population. the industries can be arranged as follows, starting with the one contribut- 
-ing to the maximum employment : === 


ds ` manufactures i 

9. services not spozifically covorod 
3. distributive sorvicos 

4. agriculturo, animal husbandry, fishory 
forestry 


transport, storage and communication 


6. all othors 


e 
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31.87 per cent 


22.27 por cent 


17.98 por cent 


. 11.80 por cont 


10.05 por cent 
6.53 per cent 
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4.20. Unpaid household labour is practically confined to four industries : 
agriculture, animal husbandry, forestry and fishing (34.40 per cent). manufactures 
(30.46 per cent), distributive services (21.51 per cent), and other services (10.04 per 
cent). These four industries account for nearly nine-tenths of the own-account workers 
also. 

4.21. The four industries which account for nearly nine-tenths of the 
employees are manufactures (35.05 per cent), other services (29.94 per cent), trans- 
port, storage and communication (13.06 per cent) and distributive services (8.33 per 
cent). Practically all the employers are to be found in the four industries, namely, 
manufactures (38.95 per cent), distributive services (28.42 per cent), agriculture 
ete. (23.16 per cent) and other services (7.37 per cent). 

4.22. A further analysis of the distribution of the gainfully occupied persons 
shows that the proportion of employers is very small among them while that of 
employees and own-account workers is large. The following Table shows for different 
industries separately the industrial status of employed persons. 


TABLE 25(20a) : PERCENTAGE DISTRIBUTION OF GAINFULLY OCCUPIED PERSONS BY 
INDUSTRIAL STATUS FOR EACH INDUSTRY GROUP SEPARATELY 


———nv n 


own- unpaid no. of 
industry employers employees account house- total samplo 
workers hold persons 
labour 
a) (2) (3) (4) (5) (6) (7) 


1. agriculture, animal husbandry, 


forestry, fishing and hunting 2,96 24,53 46,63 25.88 100.00 (742) 

2. mining and quarrying 0.00 96.64 3.36 0.00 100.00 (119) 

3. manufacture 1:77 60.07 30.04 8.12 100.00 (2,094) 

4, construction 9.51 57.87 40.10 1.52 100.00 (197) 
5. electricity, water, gas and sanitary 

services 0.00 80.68 14.77 4.55 100.00 (88) 

6. distributive services 2.29 25.32 62.23 10.16 100.00 (1,181) 
7. transport, storage and communica- 

tion 0.00 71.07 28.48 0.45 100.00 (660) 

8. other services not covered above 0.48 73.48 22.21 3.83 100.00 — (1,463) 

9. not recorded 4.00 28.00 28.00 40.00 100.00 (25) 

10. total v 1.45 54.65 35.41 8.49 100.00 (6,569) 


4.23. It will be seen that in distributive services (62.23 per cent) and in 
agriculture ete. (46.63 per cent), own-account workers are most numerous. In all other 
industries, however, the proportion of employees to other types of workers is high. 

4.24. ‘Mining and quarrying’, ‘electricity, water, gas and sanitary services’, 
‘transport, storage and communication’ show no employers at all. This is explained I 
bv the fact that the ‘employers’ of these industries are companies. corporations etc.. 
which are of a non-household character. 
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5. Distribution of gainfully occupied persons by industry and income 
group. If we study the distribution of gainfully occupied persons by industry and 
we find that more than 61 per cent of employed persons have an in- 
come of less than Rs. 50 per month. Persons having an income of less than Rs. 100 
per month are 86.33 per cent of all the employed. Only 5.71 per cent earn in excess 
of Rs. 150 per month. Incomes exceeding Rs. 300 per month are only a little over 
The cumulative percentages given in the last two columns of Table 26 


Income groups 


| per cent. 
bring out this point very clearly. 


TABLE 26(21b) : PERCENTAGE DISTRIBUTION OF GAINFULLY OCCUPIED PERSONS BY 
LEVEL OF MONTHLY INCOME 


AS orit STER 
cumulative percentage! 
income group per cent of —>.-Ü Pc -Ə 


(Rs.) gainfully from from 
occupied below above 
(1) (2) (0) (4) 
1. upto 25 32.94 100.00 35.10 
2 26— 50 24.33 64.90 61.02 
4. 51— 100 23.75 38.98 86.33 
4, 101— 150 7.47 13.67 94.29 
5. 151— 200 2.16 5.71 96.59 
6. 201— 300 1.96 3.41 98.68 
7. 301— 500 0.68 1.32 99.40 
s. 501—1000 0.26 0.60 99.67 
9. above 1000 0.30 0.33 100.00 
A eer c e Ego oen 
10. not rocorded 6.15 
AA 
11. total 100.00 
A 


4.26. Incomes are better in some industries than in others. For example, 
in agriculture; 88.54 per cent of the employed have incomes below Rs. 50 per month. 


In transport this income group accounts for only 39.82 per cent: this is propor- 


ly less than half as man 
ng Table gives the income pattern of employees from each 


tionate y as in agriculture. 


4.27. The followit 


industry separately. 


‘not recorded’ percentage (6.15) proportionately over different income 


1 After distributing the 
ulating from below and from above- 


groups, and cumi 
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TABLE 27(21b) : PERCENTAGE DISTRIBUTION OF GAINFULLY OCCUPIED PERSONS BY 
INDUSTRY AND INCOME GROUPS 
income group (Rs. per month)! 


industry total 
up to 25 26-50 51-109 101-150 151-300 abovo 
300 


a) (2) (3) (4) (5) (6) (7) (8) 


1. agriculture, animal hus- 


bandry, forests, fishing 72.31 16.23 4.93 1.31 2.29 0.64 100.00 
2. mining and quarrying 9.32 74.58 12.71 3.39 0.00 0.00 100.00 
3. manufactures 34.92 23.59 30.97 7.05 2.66 0.80 100.00 
4, construction 47.63 29.32 15.71 4.19 2.10 1.05 100.00 
5. electricity, water, gas etc. 28.57 38.09 19.05 10.72 3.57 0.00 100.09 
6. distributive EN 27.66 29.74 24.09 8.66 6.29 3.56 100.00 
7. transport, storage etc. 18.68 21.14 37.67 16.08 5.97 0.46 100.00 
8. other services not re- | 

corded above 33.49 27.94 23.11 8.60 6.34 1.99 100.00 


— 


4.28. Distribution of employees by type of employer. Wo have seon that 
54.65 per cent of the gainfully occupied porsons are employees. A little loss than 
one-fourth of them are employees in the government sector. This means that 
roughly one out of every cight persons is an employce in the government sector in 
the urban areas covered by the survey. Table 28 points to the higher level of gonoral 
education of omploycos in the government sector. | 


TABLE 28(22) : PERCENTAGE DISTRIBUTION OF EMPL 
[ N OF EMPLOYEES BY STAND! * GENER? 
EDUCATION AND TYPE OF EMPLOYER ER ad 
—— M 


iv i : 
general education Porcentago in each oduention group? 


"e over tot sale 

GC al persons 
(1) (2) | (3) (4) 6) 

1, illiterate 11.33 88.67 100.00 (1,550) 
2. literato but below matric 25.65 74.35 100.00 1,606 
3. matric 55.97 44.03 100.00 | na 
4. intermediate 56.45 43.55 100.00 (62) 
5. graduate 72.00 28.00 100.00 (75) 
6. total 23.58 76.42 100 00 (3,588) 


1 After distributing the ‘not recorded’ porcontago of Tablo 21(b) of Statistical Tables p 
" n TO: . 
tionately over different incomo groups. PERDRE 


2 After distributing proportionately between 'govornmont? and ‘non-government’ the ‘not re 
vorded' percentage in each row of Table 22(b) of Statistical Tabies. 
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4.29. If the figures in each row of column 2 are divided by the figure at 
row 6 and the ratio is expressed as a percentage, we will get the per cent relatives 
of column 5 in Table 28 above. The significance of these per cent relatives may be 
easily understood. If the nature of employmont in the government sector and non- 
voyernment sector were such that the over-all ratio of the number of employees in 
the two sectors was maintained for employees of the different general education 
standard, all figures in column 5 would be simply 100. To the extent, the relative 
proportion for employees of a particular education standard is higher or lower the 
corresponding per cent relative will be more or less than 100. It is clear from 
the table that as the standard of education becomes higher, relatively much larger 
proportion belongs to government sector. We find that illiterate employees in govern- 
ment sector are less than half (48 per cent) of what their proportion might be if no 
selective principle came into operation. The ‘literate but below matric’ have received 
just about their due according to this criterion. The matric and intermediates are 
nearly two and half times over-represented (237 per cent) and the relative proportion 
of graduates is even higher (305 per cent). Even with such over-representation of 
educated persons as employees in government sector, 69.44 per cent of employees 
in government sector are still illiterate (20.53 per cent) and ‘literate below matric’ 


(48.91 per cent), 24.04 per cent are matriculates and intermediates and only 6.52 

per cent are graduates. 

In the non-government sector the proportion of the educated is very 
Matriculates and above are only 6.60 per cent (as against 30.56 per 

95.33 per cent are either illiterate or ‘literate below 


4.30. 


much smaller. 
cent in the government sector). 


matric’. 
: PERCENTAGE DISTRIBUTION OF EMPLOYEES BY GENERAL EDUCATION 
AND TYPE OF EMPLOYER 


eee Š üÑsÑs ƏÀ@—OP ——ə—əl. 


types of employer 


TABLE 29(22a) 


general education 
government non- not total 
government recorded 
(1) (2) (3) (4) (5) 
1, illiterate 20.53 49.57 63.29 43.17 
2, literate but below matric 48.91 43.76 34.18 44.73 
3. matric 19.81 4.81 2.53 8.22 
4. intermediate 4.23 1.01 0.00 1.73 
5. graduate and above 6.52 0.78 0.00 2.09 
6. not recorded 0.00 0.07 0.00 0.06 
7. total j 100.00 100.00 100.00 100 00 
8. number in the sample j (828) (2,683) (79) (3.590) 
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4.31. It is likely that this higher educational level of employees in the 
government sector is due more to the difference in the type of industry which figures 
in the government sector and requires a higher standard of education than to any 
difference between the government and non-government sector as such. H would 
be interesting to study the point in greater detail on the basis of an adequate sample. 
The fact remains, however, that employees in the government sector do have a large! 
proportion of educated among them than the employees in the non-government 
sector. 


4.32. Education standard and unemployment. We have already discussed 
in Chapter Three the education standard of the general population. | 
that illiterates and ‘literates below matric’ constitute more than 95 per cent of 
the population and not even 5 per cent have passed matriculation or any higher 
examination entitling them to be called educated, i 


It was seen 


5 The proportion of educated is 
somewhat higher (8.58 per cent) among the gainfully occupied. but illiterates (48.16 


per cent) and literate non-matriculates (43.14 per cent ) 
pattern is markedly different in the case of the unemployed, among whom the illi- 
terates are only 21.59 per cent, the barely literates constitute ins dni (60.23 per 
cent) and the proportion of the educated is more $ 
the percentage among the gainfully occupied. 
the following Table. 


still remain numerous. ‘The 


than double (17.99 per cent) 
ee : J ; 
Fhe comparison is brought out ín 


TABLE 30(13b) : PERCENTAGE DISTRIBUTION Of POPUI 
TION AND INDUSTRIAL STATUS 


c 


ATION BY GENERAL EDUCA- 


general education - ` industrial status 
Eee unemployed Hol, in 7 “Hath Sei wes 
S Oye "SONS 
RO pensons. Here recorded 
a Go 8 mg 
(1) 3 sie — ——— o 
d (3) (4) (5) (6) 
1. illiterate I eee nes A 
wa ZE 63.26 69.93 57.96 
2. literate but below matric 43.14 60.23 
in 25.66 37.86 
3. matric 5.69 15.07 eem | " 
# 2.65 
4. intermediate 1.37 
3 3.03 5m e 
36 0.88 0.75 
5. graduate and above 1.52 1.89 
e 0.15 0.00 0.64 
6. not recorded 0.12 0 
se «19 0.27 22 
2 0.88 0.22 
- ge š Kë kana ae 
7. total 100.00 100.00 Bags 100.00 
Dee os — TON nud nec 
8. no. of sample persons 16,569) (528) (113) = p 405) 
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1.33. We may now concentrate attention on the characteristics of our 


labour force in this respect. 


TABLE 31(13) : PERCENTAGE DISTRIBUTION OF LABGUR FORCE BETWEEN THE GAIN- 
FULLY OCCUPIED AND THE UNEMPLOYED FOR EACH EDUCATION STAN- 
DARD 


rc — n eet 
labour force 


gonoral education total 
gainfully unemployed 
occupied persons 
a) (2) (3) (4) 
1. illiterate 96.54 3.46 100.00 
2. litorate but below matric 89.90 10.10 100.00 
3. matric 84.43 15.57 100.00 
4. intermediate 84.92 15.08 100.00 
5. graduate 90.90 9.10 100.00 
92.56 7.44 100.00 


6. total 


4.34. This Table clearly brings to light an important feature, namely, 
the problem of unemployment in urban areas is much more acute for literates 
than for illiterates; and among literates, the incidence of unemployment is 
highest for the matriculates and intermediates, being one and half times as much 
for the “literates below matric’ on the one hand as the graduates on the other. It is 
seen that only 3.46 per cent are unemployed in the labour force belonging to the group 
‘illiterates’. In the next higher group, ‘literate but below matric’, the unemployed are 
proportionately three times more numerous (10.10 per cent). The situation is much 
worse for the ‘matric’ and ‘intermediate’ groups wherein approximately 15 to 16 
This implies an incidence of 


per cent of the labour force are without employment. 
our 


unemployment which is more than double the average incidence for the entire lab 


of education. The graduates are comparatively 


foree comprising all categories 
ment. 


well off. only 9.10 per cent of their labour force being without employ. 


4.35. Technical and professional qualifications of the unemployed. The 


following Table shows the distribution of unemployed persons by technical or pro- 
fessional qualifications. The unemployed have been distinguished in two bon CS 
namely unemployed seeking employment ‘for the first time’ es dx at wa 
employment ‘not for the first time’. In the first category, 73.43 per cent = no 
technical or professional qualification, 24.05 per cent have some professional or 


i i 2,52 per cent have been 
technical skill without any degree or equivalent diploma ant .52 p 
The second category is divided almost equally between 


ssional qualification and those having some. On 
ployed do have some professional and technical 
‘any profession or technology are very few 
4 per cent of the total. 


trained for some profession. 
those having no technical or profe 
the whole. two-fifths of the unem 
skill, but persons having training in 
indeed and, to be precise, they constitute barely 
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Hg RONA > PRCHNICAL 
TABLE 32(26) : PERCENTAGE DISTRIBUTION OF UNEMPLOYED PERSONS BY TECHNIC 
OR PROFESSIONAL QUALIFICATION 


————————— 


unemployed persons seeking 


technical or professional employment n 
pes for the not for tho total 
first time first time 
(1) (2) (3) (4) 

1. no technical or professional quali- 

fication 73.43 51.56 61.35 
2. professional or technical skill 
without any degreo or equivalent 

diploma and not covered by 4 24.05 42.61 34.28 


3. certificate or diploma in typing, 
stenography, nursing, midwifery 


or pharmacy 1.68 3.78 2.85 
4. degreo or equivalent diploma in 
any technology or profession 0.84 1,71 1.33 
5. not recorded 0.00 0.34 0.19 
6. total i 100.00 ^ 100.00 100.00 
no. of sample persons (237) (291) RE 28) u 


4.36. Underemployment. 
roughly the extent of underempl 
concept which will enable a qu 
To be satisfactory, it must tak 


the normal working days per year, the normal 


income etc., in a particular occupation. The observed nature and volume of work 
actually handled by a person has to be related to this information to provide an 
idea of the intensity of employment. 


It has not been found e 
data for this purpose. In the present enquiry, 
was quite simple, though crude. 
the household member concerned t elf assess. approximately, his 
own intensity of employment durin 


g the reference period, 
working days and working hours per day and rel 
ing days and working hours normal in 


simply recorded as (a) much less than 
and (e) full, and that category 
to the best approximation. 


An attempt was made in the survey to appraise 
oyment. It is difficult to devise an operational 
antitative evaluation of the intensity of employment. 


e into account a number of complex factors, such as 


hours of work per day, the average 


asy to secure suitable 
however, the procedure adopted 
The investigators were instructed to explain to 
hat he should hims 
keeping in mind his actual 
ating them to the number of work- 
his type of Occupation. The intensity was 
quarter, (b) quarter, (c) half, (d) three quarters 
was adopted which Seemed to describe his evaluation 


It may be pointed out that the basis of evaluation iS 
the subjective judgment of the person concerned, 


he accepted with caution but in the absence o 
without value. 


This assessment must, therefore, 
f other more reliable data it is not 
4.37. The broad conclusion is that a little less than three-fourths of the 


gaintully occupied persons are fully employed, and the remaining are underemployed 


to various degrees. 
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TABLE : 33(23) : PERCENTAGE DISTRIBUTION OF GAINFULLY OCCUPIED PERSONS BY 
INTENSITY OF EMPLOYMENT 


per cent of 


intensity of employment gainfully 
occupied 
(1) (2) 


9.83 


1. quarter or less 

2. half 8.76 
3, three quarters 7.73 
4, underemployed 26.32 
5. fully employed 72.93 
6. not recorded 0.75 
7. total 100.00 

(6,569) —— 


8. no, of sample persons 


4.38. As gainfully occupied persons in our urban area are 32.20 per 
cent of the population, the underemployed may be estimated at 8.48 per cent 
of the population. This may be compared to 2.59 per cent which is the estimate of 
the unemployed persons. The underemployed are thus 3.28 times as many as the 


unemployed. 


4.39. 
proportion of the underemployed 


A more detailed breakdown giving for each industry separately the 
and the fully employed is given in Table 34 below. 


PERCENTAGE DISTRIBUTION OF UNDEREMPLOYED AND FULLY 


TABLE 34(23, 24) : 
YED PERSONS IN EACH INDUSTRY 


EMPLO 


———. y not total 


employed employed recorded 


industry 
persons persons 
(1) (3) (3) (4) (5) 
i i husban- 
1, agriculture, animal | 
fishing and 
o Š 28.09 71.48 0.43 100.00 
2. mining and quarrying 11.76 88.24 0.00 100.00 
3. manufactures 33.29 65.90 0.81 100.00 
4. construction 65.17 34.33 0.50 100.00 
. Co 
Zei T 1 
sani 
5 80.71 0.34 -00 
6. distributive services 18.95 7 100.0 
7. transport, storage and com- 97.57 72.13 0.30 100.00 
munication 
8. other services not covered 17.57 82.29 0.14 tosan 
above 
1 26.32 72.93 0.75 100.00 
9. total 
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4.40. Underemployment is most widespread in “construction” in which 
industry, almost two-thirds are underemployed. ‘Manufactures’ comes next with 
almost one-third underemployed. One would think that in ‘agriculture’ underemploy- 
ment is very acute, but here it is about average. This may be due to the fact that 
agricultural activities in urban areas are of a character quite different from 
similar activities in rural areas, and are calculated to give fuller and more regular 
employment. Animal husbandry (dairying. poultry ete.), for example, may play 
an important role in urban areas and explain the lesser extent of underemployment. 


4.41. Reasons of underemployment. We have seen that more than 26 per 
cent of the gainfully occupied persons are underemployed. Various reasons such 
as disability to accept work on account of illness. fall in production owing to lack 
of materials and equipments, fall in demand, slack season ete.. have been adduced 
to account for this underemployment. The following Table shows at a glance the 


relative importance of these various causes of underemployment. 


TABLE 35(25b) : PERCENTAGE DISTRIBUTION OF UNDEREMPLOYED PERSONS BY INTEN- 
SITY OF EMPLOYMENT AND REASONS FOR UNDEREMPLOYMENT 


intensity of employment 
reasons for es 


underemployment less than quarter half threo n total ` I 
E quarter quartors 
(1) zx) (3) (4) 6 wo 
1. disability to accept work for i Peu ` sé ls 
illness 27.00 13.01 12.50 20.47 18.26 
. 26 
2. domestic reasons 3.75 4.88 3.99 10.04 
2-00 . 5.83 
3. fall in production due to 
lack of materials and equip- 
ments 1.75 2.85 2.78 5.71 3.40 
H e in 
4. fall in demand 16.50 33.73 31.60 24.81 ) 
_ Let 26.4; 
5. slack season 27.25 25.20 20.83 12.4( - 
. | Haf 2.40 20.46 
6. industrial disputes 0.00 0.00 0.00 ef 
_ 0.39 0.12 
7. other reasons 22,50 20.33 28.30 96.1 pe 
20.4 26.18 25 
8. not recorded 1.25 0.06 0.00 0.00 pun 
= — - ge i * 0.29 
9. total 100.00 100.00 100.00 — 199.09 — 
SA Sg E è 100.00 
no, of sample persons (400) (246) (576) E (508) — 
== A B 9 (1,730) 


4.42. In almost half the cases (46.89 per cent). lack of demand is th 
a s the re 


for underemployment. Disability to work on account of illness is an tl "o 
š ae 55 : iun d other major 

cause contributing to 18.26 per cent of underemployment. Domesti = 

have been responsible for 5.83 per cent. rie 


lack of materials and equipment hay 
a 


underemployment of 3 
are other reasons of a diverse kind which have contributed to 


e added 
-40 per cent, There 
the remaining 25,62 


to difficulties of production. resulting in 


per cent. 
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4.43. Income level of the underemployed. The following Table shows what 
percentage of the underemployed are included in different income groups. Similar 
. Jg = 2 
information is given for the fully ei red š ^ 

sg y employed and for both the categorie i 
oe ee plos ategories combined. 
s e columns give percentages cumulated from below and give at any 
income level the percentage having an income not lower than the minimum of this 


income group. 


TABLE 36(24) : PERCENTAGE DISTRIBUTION OF UNDEREMPLOYED AND FULLY EM- 
PLOYED PERSONS BY INCOME! 


—— 
eumulated percentage from below: 


——————— 


income group under- fully total 
(Rs. per month) employed employed under- fully total 
. employed employed 
(1) (2) (3) (4) (5) (6) (7) 
l. upto 25 60.05 26.24 100.00 100.00 100.00 
3. 26— 50 23.06 26.95 39.95 13.76 64.90 
3. 51—100 2.30 29.94 16.89 46.81 ER 
L. 101—150 3.16 9.66 4.59 16.87 13.68 
5. 151—300 20 5.46 1.43 7.21 5.72 
6. 301—500 0.07 0.98 0.14 1.75 1.33 
7. above 500 0.07 0.77 0.07 0.77 0.60 
s. total 100.00 100.00 100.00 100.00 100.00 100.00 
444, We find that only 4.59 per cent of the underemployed have monthly 


incomes exceeding Rs. 100 and only 16.89 per cent have incomes exceeding 
à [zi 


Rs, 50. As many as 60.05 per cent have incomes below Rs. 25. 

4.45, As is only to be expected, the fully employed are definitely better 
off in this respect. 
of less than Rs. 50 but this compares favourably with the more than four-fifths 
(83.11 per cent) of the underemployed included in this income group. The favourable 
position will be evident primarily from the lower level of income where the percentage 


falls from 60.05 pe 


case of the fully employed. 
increases but income above Rs. 300 is reached by only 1.75 per cent 


50 by not more than 7.21 per cent. 


A little more than half (53.19 per cent) are still having incomes 


r cent in the case of the underemployed to 26.24 per cent in the 
For the fully employed the proportion in the higher 


income groups 
and even that of Rs. | 
ome expectation of the unemployed. The income expectation of 
employment for the first time or not for the first 
identical pattern and it is not necessary therefore 


4.46. [nc 
the unemployed whether seeking 
time is seen to follow pr 


to treat the two sub-groups se 
between the incomes of the underemployed and the fully employed on the one hand 


and the income expectations of the unemployed on the other. 


actically 
" rp 7i Ts i 
parately. The following Table gives a comparison 


1 Table 24 of Statistical Tables has been proportionately distri- 


1 The ‘not r 
buted in different income groups. 


»orded’ percentage i 
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TABLE 37(27) : INCOME EXPECTATIONS OF THE UNEMPLOYED COMPARED WITH THE 
ACTUAL INCOMES OF THE EMPLOYED! 


range of income percentage in each class! 

actual/expected 

(Rs. per month) unemployed under- fully 

employed employed 

© 2) à) n 
1 upto 25 8.84 60.05 26.24 
2. 26— 50 30.65 23.06 26.95 
3. 51—100 45.58 12.30 29.94 
4 101—150 12.97 3.16 9.66 
5. above 150 1.96 1.43 7.21 
6. total 100.00 100.00 100.00 


4.47. An income of ‘up to Rs. 100° per month will meet the expectation of 
85.07 per cent of the unemployed and nearly half of them will be content with an 
income half as much. Another 12.97 per cent more do not expect anything more 
than an income of Rs. 100-150 and barely 2 per cent expect a salary exceeding Rs. 150. 

4.48. The following Table gives the percentage distribution of the un- 
employed persons by general education and income expected. 


TABLE 38(28b) : PERCENTAGE DISTRIBUTION OF THE UNEMPLOYED OF EACH EDUCATION 
STANDARD BY RANGE OF INCOME EXPECTED 


—————————————————— 


- . range of income expected (Rs. per month) 
general education 


up to 25 26-50 51-100 101-150 above not total 
150 recorded 

(1) (2) (3) (4) (5) (6) (7) (8) 
EES 22.81 50.00 23.68 0.88 0.00 2.63 100.00 
2, literate but below matric 5.97 27.36 51.26 10.06 1.26 4.09 100.00 
3. matric 0.00 7.25 59.41 27.54 2.90 2.90 100.00 
4, intermediate . 0.00 0.00 18.75 68.75 6.25 6.25 100.00 
5. graduate and above 0.00 0.00 20.00 50.00 30.00 0.00 100.00 
6. total 8.52 29.55 43.94 12.50 1.89 3.60 100.00 


It is seen that income expectation of the illiterate centres round the income 
range Rs. 26-50 per month. Half of them seek this income and the remaining half 
are almost equally divided between the immediately preceding (up to Rs. 25) and 
the immediately following (Rs. 51-100) income groups. Half the literates below 
matric expect Rs. 51-100, a third are content with income of Rs. 26-50 or even less š 
and the rest have an income expectation above Rs. 100 per month. The only two 
important income levels for matriculates are Rs. 51-100 which attracts 59.41 per cent 


| After distributing the ‘not recorded” percentage in Table 27 of Statistical Tables proportionately 


nong the different income groups. 
af 
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and Rs. 101-150 which attracts 27.54 per cent of the unemployed among the 
These incomes are also significant for the intermediates with the important differ- 
ence that it is the income of Rs. 101-150 which is sought by 68.75 per cent 
For the graduates, as might be expected, the expectations am Bonsai hi uns 
Half of them expect an income of Rs. 101-150, 30 per cent above Rs. 150 no e 
rest are satisfied with the middle income range of Rs. 51-100. 

f 449. Nature of employment sought by the unemployed. The unemployed 
in the sample households were asked as to what kind of employment they were seek- 


ing. The results of this enquiry are presented in the following Table. Unfortunately, 


our sample of the unemployed consisted of only 528 persons and this number is in- 


alid conclusions in regard to minute classifications. This 
the type of information that could be collected and might 
This is being attempted 


adequate to arrive at v 

Table merely illustrates 

be of vory great value if a suitably large sample is taken. 

in the ninth round of the NSS and may be expected to give interesting results. 

TABLE 39(30) : PERCENTAGE DISTRIBUTION OF UNEMPLOYED PERSONS BY TYPES AND 
NATURE OF EMPLOYMENT SOUGHT 


unemployed persons 


secking employment 


naturo of employment sought 
for tho not for the total 
first time first time 
(1) (2) (3) (4) 
as own-account worker 
1. agricultural production 0.00 1.37 0.76 
2. animal husbandry 0.84 0.69 0.76 
3. manufacture and handicrafts 5.49 Bee dp 
4. transport-sorvice 2.11 2.41 2.27 
5. trado 5.49 11.00 8.52 
6. profossions and financial transac. 2.53 6.53 4.73 
7. sub-total (rows 1-6) 16.46 30.59 24,24 
as employee 
k: i 24.04 23.72 23.85 
8. manual work—unskilled Ë 
9. manual work—skilled 12.66 15.12 14,02 
10. sub-total (rows 8-9) 36.70 88.84 37.87 
non-manual work 
D, wes executive or clerical Gem e -— 
12. technical and technological : ib t2 t CH 
13. medical, surgical, ete. a 2 t ü 
i iti ki 4.22 3.44 3.79 
14. be, mmm writing and the like i 2:00 M 
16. others 11.39 4.12 7.39 
11-16) 43.04 25.42 33.34 


17. sub-total (rows 


18. sub-total (rows 8-16) 


19. not recorded 


20. total (rows 7, 18. 19) 


no. of sample persons 
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4.50. The broad conclusions that may be drawn are that one-fourth of 
the unemployed prefer to work on their own account and the rest want jabs m 
employees. One-third of the latter seek job as unskilled manual workers, one-fifth 
as skilled manual workers. The rest, wanting non-manual employment, are almost 
equally divided between those seeking administrative and clerical work and those 
seeking technical and professional work. 


4.51. Attitude of the unemployed towards registration with employment 
exchanges. The unemployed persons were asked whether on the date of the survey 
they were registered or had applied for registration at one of the employment 
exchanges, of which there is a net-work all over India. Those who were not regis- 
tered were asked to state why they had not. The following Table, which summarises 
the results of this enquiry, shows that in the matter of registration, the two types 
of the unemployed, those seeking employment for the first time and those not for 
tho first time, display almost an identical pattern. 

TABLE 40(32) : PERCENTAGE DISTRIBUTION OF UNEMPLOYED PERSONS BY TYPES 
AND ATTITUDE TO REGISTRATION WITH EMPLOYMENT EXCHANGES 
——— M ——ÀÀ ———À € 
unemployed persons 


seeking employment: 
attitude to registration 


for the not for the total 
first time first timo 
(1) (2) (3) (4) 
l. registered 26.75 27.24 37.02 
not registered due to 

2. ignorance 37.55 37.84 
3. remoteness 1.41 1.04 
i. lack of faith 11.74 11.44 
5. indifference 4.69 .58 
6. ineligibility 2.84 2.49 
7. other reasons 15.02 15.59 
8. sub-total (rows 2-7) 73.25 72.76 72.98 

9. not recorded — = = 
10. total 100.00 100.00 100.00 


4.52. An important conclusion that may be drawn is that only a little moro 


gistered with the om- 
ployment exchanges. This is in agreement also with the ratio obtained i: 


of the unemployed in the Calcutta Employment Survey of the NSS. 


than one-fourth of the unemployed in the urban areas are re 


2 respect 


4.53. The overall ratio of the registered and the unregistered, however, 
gives no clue to the large differences observable in this respect between the un- 
Oo 


1 Pereontages have been calculated after distributing the ‘not recorded” percentages of Tablo 32 
of Statistical Tables in the different rows proportionately. 
Laure 
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employed having different general education standard. The differential pattern 


is brought out in the following Table. 


TABLE 41(33) : PERCENTAGE DISTRIBUTION OF UNEMPLOYED PERSONS BY GENERAL 


EDUCATION AND ATTITUDE TO REGISTRATION 


general education 


attitude to rogistration 

literato graduate 

illiterate but below matric inter- and not total 
matric mediate above recorded 
a) (2) (3) (4) (5) (6) (7) (8) 
1. rogistored 14,04 24.53 39.13 43.75 20.00 0.00 24.62 
not registered due to 

2. ignorance 56.14 34.90 5.80 12.50 10.00 0.00 34.47 
3. remoteness 0.00 0.63 2.90 6.25 0.00 0.00 0.95 
4. lack of faith 5.26 10.38 15.94 6.25 40.00 0.00 10.42 
5. indifforonco 3.51 3.77 7.25 0.00 10.00 0.00 4.17 
3.51 2,52 0.00 0.00 0.00 0.00 2.97 


6. ineligibility 
5.94 25.00 10.00 100.00 14,20 


7. other reasons 
79.82 66.35 47.83 50.00 70.00 100.00 66.48 


S. sub-total (rows 2-7) 


9. not recorded 6.14 9.12 18:04 8.35 10:90 9:00 8.90 
10. total 100.00 100.00 100.00 100.00 100.00 100.00 100.00 
EC No ` ein > 
(114) (318) (69) (16) (10) (1) (528) 


no. of sample porsons 
4.54, To ensure better comparison, we may distribute the ‘not recorded” 

De, 'o e Š 
g the different rows, and present the result 


tonat n 
under each column proportionately amo 


as below. 
ED TO THE TOTAL UNEMPLOYED OF EACH 


TABLE 42 : PROPORTION or `y na 


EDUCATION STAND 
proportion of ratio of total un- 


registered to employed to the 


general education unemployed no. registered 
a) ls sa 
0.15 6.67 
1, illiterate Ë 97 3.70 
2. literato but below matric o 2.29 
3. matric 0.47 2.13 
4. intermediate " 0.22 4.54 
5 duate and above 
ss ium 0.27 3.70 
6. total E 


ore ‘matriculates’ and ‘intermediates’ 


jonately far m i 
‘Jiterates below matric’, represented 


5 rt 
4,55. There are propor 
n uc x the 
and, though to a somewhat lesser extent, 
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among the registered, than illiterates and graduates. The pattern of unemploy- 
ment as revealed by registration data alone would, therefore, give an altogether 
distorted picture of the relative proportion of persons with different general educa- 
tion standard among the unemployed as a whole. Column 3 of the Table above gives 
the factors by which the number registered would have to be multiplied, after the 
registered have been classified by education standard, to arrive at estimates more 
correctly representing the composition of the unemployed population. 


4.56. The relative importance of the different reasons which influence the 
number of the unemployed registering themselves is different for different educa- 
tion standards. 


TABLE 43(33) : RELATIVE IMPORTANCE OF DIFFERENT REASONS FOR NON-REGISTRA- 
TION (Base : Non-registered unemployed persons of each education standard) 


—————————————— 


general education 
reasons for non-registration — SS 


literate matric 
illiterato but below and inter- graduates total 
matric mediates 
q) (2) (3) (4) (5) (6) 
l. ignorance 70.33 52.60 14.63 14.29 51.85 
2. remoteness 0.00 0.95 7.32 0.00 1.43 
3. lack of faith 6.59 15.64 29.27 57.13 15.67 
4. indifference 4.40 5.68 12.20 14.29 6 27 
5. inoligibility 4.40 3.80 0.00 0.00 3.42 
6. other reasons 14.28 21.33 36.58 14.29 21.36 
7. total 100.00 100 00 100.00 100.00 100.00 


4.57. The main reason for the illiterates no 


sde: : t registering themselves in the 
Exchanges is their ‘ignorance’ about them. 


This holds good, though to a much lesser 


"Moe ^ 
atric’ group of whom more than half are not «ware 
of the existence of the Exchanges. ‘Ignorance’ ceases to play an important role for 


the educated group of whom all but one in seven appear to know about the Exchanges 
This knowledge unfortunately seems to have brought about only disillusionment 
which is shown by the increasingly high proportion of those 


extent, of the ‘literate below m 


i = ascribing their non-regis- 
tration to ‘lack of faith’ in the value of registration itself, as education standard goes 


up. Sarung s 8.59 qe MERE orillitenaias displaying this ‘lack of faith’, one comes 
across 15.64 per cent of them among ‘literates below matric’, 29.27 per ear among the 
matriculates and intermediates and as many as 57.13 per cont among the piton 
The trend of ‘indifference’ as a contributory cause for non-rogistration follows + 
similar course. 


4,58. On the whole, more than half who have not registered h 
so because of their ignorance of the facilities for it. Of the rest, it 


ave done 
is worth 
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noting, almost a third have no faith in the efficacy of registration as a means to 


secure employment. 

4.59. Estimate of unemployment. If the assumption can be made that 
the proportion of the registered to the total unemployed remains fairly stable over 
time, the registration figures of the Employment Exchanges may be made to yield 
information regarding the total volume of unemployment as well as the trend in its 
rise and fall, by the use of the information given in the preceding paragraphs. 


4.60. For example, the number registered at the Exchanges in September 


1953, the period of the present enquiry, was 512,000. The unemployed in the urban 


ng our ratio, 3.70 times as many as the number registered, that 
Of the same order is the estimate obtained directly from our 


ment is the same in towns of popula- 
gher 


areas would be, usi 


is about 1.89 million. 
assuming that the level of unemploy 
tion below 50,000 as in towns of larger size and after allowing for the hi 


levol of unemployment in the big cities like Calcutta, which it does not cover. We 
have found that 2.59 per cent of the population is unemployed in the towns covered 
in Caleutta the unemployed represent 7.10 per cent of the popula- 
rvey conducted by the NSS in Caleutta towards the 
end of 1953. On a rough estimate based on Census 1951 population! after adjusting 
for increase in population at the average annual rate of 5 per cent for the four big 
cities and 3 per cent for other an areas! during the period of 30 months between 
the 1951 Census and the present survey, it may be assumed that a total of 67.99 
million persons were living in the urban areas of India at the time of the survey 
of which 10.54 million were living in the four big cities and 57.45 million in the geg 
urban areas. Applying the percentage proportion of ES tnemployed for those 
two types of urban areas, We arrive at an estimate of 0.75 million unemployed in 


tho four big cities and 1 49 million in other urban areas giving an overall estimate 
r s Ka ý : 1: 

£2.24 De hich is of gh estimate of 1.89 million based 

of 2.24 million, w 


nge data. 


survey, 


by our survey ; 
tion, according to à sample su 


urb 


the same order as the rou 


on employment excha 

4.61. This is. however, 
stringent definition of unemployment. | 
three times as many are the underemploye 
y. Those who have work for 
i loyed than those who hav 
I A reasonable assumption may be to treat those with intonsity 


s' as coming w 


an estimate of the unemployed on the basis of a 
We have seen (para 4.39) that more than 
d. Underemployment, however, is of 
: a quarter of the time or less are much 
er: goen? np e work for three quarters of the time 
closer to the uner 

oravan halt the mo. ° les ithin the purview of an enlarged defini- 
m p represent 3.17 per cent of the population. Adding 
po 2.59 per cent of the population, we may 


yed who are = 
f unemployment and severe underemploymont at 5,76 


of employme 
tion of unemployment. 
to this number the unemplo 


roughly estimate the level o 


jpulation SE the four big cities [(1) Calcutta and Howrah; (2) Greater 
was 51 per cent during 1941-51 and 50 per cent during 
s are 34 percent and 28 per cent respectively 


al increase in POP 


1 Decenni 
(4) Delhi an! 


y Delhi] 
Bombay; (3) Madras and a gr r urban area: 
1931-41; corresponding figures for weien 64 

I, Part ILA, p. 64). 


(Census of India 1951, Vol. 
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4.62. Generalising on this basis for the urban population of 57.45 million 
(not including the population of 10.5 million in the four big cities, Calcutta, Bombay, 
Madras and Delhi) we arrive at an estimate of 57.45% 0.0317 million or roughly 1.82 
million for the number of severely underemployed in these areas. 


4.63. If it is assumed that in the four big cities also the relative proportion 
of the severely underemployed (having intensity of employment ‘quarter or less’) 
and the totally unemployed is, as in the urban areas, covered by the survey, we may 
make the rough estimate of 0.92 million for the number of severely underemployed 
in these cities, after making assumptions as in para 4.60. This is likely to be an 
overestimate in view of the different (and more liberal) definition of unemployment 
adopted in the NSS Calcutta survey, as discussed earlier in para 1.19. 


1.64. For the urban area as a whole, therefore, we arrive at an estimate of 
2.24 million unemployed together with roughly another 2.74 million severely under- 
employed. It is necessary, however, to emphasise the provisional character of 
these estimates, especially in relation to underemployment which is based purely 
on our subjective evaluation of the persons investigated. 


4.65. An estimate may also be made of the educated unemployed in the 
urban areas on the basis of the statistics of Employment Exch 
number of matriculates, intermediates and graduates on the live 
1953 by applying to them the ratios of registered to the total 
in our survey. The results are presented in the following T 


anges relating to the 
registers in September 
unemployed obtained 
able. 


TABLE 44}: ESTIMATE OF THE EDUCATED UNEMPLOYED BY USING EMPLOYMENT 
EXCHANGE DATA—SEPTEMBER 1953 


c 


` no. on live ratio of stimatod 
education standard B registers in registered to of pente 
eptember 1953 unemployed i 
un ed ploye (in thousands) 
(1) (2) (3) (4) 
1. matriculates 125.8 0.45 279.6 
219,0 
2. intormediates 16.9 0.47 35.9 
3. graduates and post- 
graduates 19.6 0.22 89.1 
4. total 162.3 = 404.6 


This Table gives an estimate of 4.05 lakhs for the number of educated unemployed. 


4.66. Another estimate of their number may be made by 


using the informa- 
tion of Table 30 which shows that 18 per cent of the tot 


al number of the unemployed 
are matriculates, intermediates and graduates. The estimated number of un- 
employed, as discussed above, is 22.4 lakhs and 18 per cent of this number is 4.08 
lakhs, which is seen to be in good agreement with the estimate 


arrived at indepen- 
dently by the first method. 
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CLASSIFID LIST OF TABLES — ... 


TABLES 


TABLE 1: 


TABLE 2: 


TABLE 3: 


TABLE 4: 


TABLE 


TABLE 


TABLE 7: 


Taste 8: 


TABLE 9: 


Tase 10 : 


a 


e 


CLASSIFIED LIST OF TABLES 
Distribution of sample towns, sample blocks and sample household 
s m 


DESCRIPTION OF GENERAL POPULATION 


Porcentage distribution of population by sex and age-groups 
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——————————————————————————————————— 


population size-class 


towns with population towns with population total 
of not less than between 50,000 and 
100,000 100,000 
population zone 

no.of  no.of no. of no.of  no.of  no.of no. of no. of no. of 
sample sample sample sample sample sample sample sample samplo 
towns blocks house- towns blocks house- towns blocks house- 

holds holds holds 

(1) (2) (3) (4) (5) (6) (7) (8) m (10) 

1. North and North- 

West India 5 50 1,012 2 16 342 7 66 1,354 
2. East India 2 20 395 2 16 384 4 36 779 
3. Central India 3 30 589 2 16 288 5 46 877 
4, South and West 

Indi ` 5 T 

ndia 4 40 804 3 24 632 7 64 1,436 
5. all India 14 140 2,800 72 546 
° 9 72 1,646 23 212 4,446 
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TABLE (8): PERCENTAGE DISTRIBUTION OF POPULATION BY : Bids, GENERAL | 
EDUCATION AND TECHNICAL OR PROFESSIONAL QUALIFICATION 


(a) base : all porsons 


= s 


technical or 


general education professional ZER deiten ug 
qualification! | 
s | 
"m (2) (3) (4) (5) 
1. illiterate A 19.33 32.22 51.55 
B 4.40 1.41 5.81 
sub-total 23.73 33.63 57.36 
2. literate but below A 17.13 12.88 30.01 
matric 
B 6.45 1.10 7.55 
C 0.24 0.06 0.30 
sub-total 23.82 14,04 37.86 
NE uM 
3. matric A 1.51 0.33 1.84 . 
B 0,73 0.08 0.81 
3 0.32 0.02 0.34 
D 0.17 0.01 0.15 
EE 
sub-total 2.73 0.44 3.17 
B 0.16 0.02 0.18 
[9] 0.09 0.00 0.09 
D 0.08 0.00 0.08 
Sub-total 0.69 0.06 0.75 
Ë 
5. graduate and above A 0.21 0.03 0.24 
A 0.11 0.03 0.14 
0.04 0.00 


0.04 


0.09 0.13 0.22 
— 
7. total A 38.54 45,50 84.04 
B 11.85 2.64 14.49 
c j ian 
: 0.69 0.08 0.77 
0.47 0.01 0.48 
not recorded 0.09 0.13 Pe 
ale 29 
sub-total 51.64 48.36 100.00 
no. of sample persons (10,538) (9,867) (20 Ps " 
t AUS] 
number of sample towns=23; sample blocks=212; — ps 
PE RS Sample hous, SZ ; 
! Technical or professional qualification : di 'ouscholds-— 4,446 


A. no technical or professional qualification ; 
B. professional or technical skill without any degree sr equivalent di 


C. certificate or diploma in typing, stenography, nursing, tide: Saus and not covered by C: 


D. degree or equivalent diploma in any technology or profession” ” or pharmacy; 
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TABLE (8) : PERCENTAGE DISTRIBUTION OF POPULATION BY SEX, GENERAL EDUCATION 
AND TECHNICAL OR PROFESSIONAL QUALIFICATION i 


(b) base : persons of each sex 


technical or 


general education professional male female total 
qualification! 
(1) (2) (3) (4) (5) 
1. illiterate A 37.44 66.62 51.55 
B 8.51 2.92 5.81 
sub-total 45.95 69.54 57.36 
2, literate but below A 33.18 26.62 30.01 
matric 
B 12.49 2.28 7.55 
c 0.47 0.12 0.30 
sub-total 46.14 29.02 37.86 
3. matric A 2.93 0.67 1.84 
B 1.41 0.17 0.81 
Cc 0.63 0.04 0.34 
D 0.32 0.03 0.18 
M 
sub-total 5.29 0.91 3.17 
4, intermediate A 0.71 0.09 0.40 
B 0.31 0.05 0.18 
c 0.17 0.00 0.09 
D 0.14 0.00 0.08 
sub-total 1.33 0.14 0.75 
0.41 0.05 0.24 
te and above A ` 
5 SE B 0.21 0.06 0.14 
B. 0.09 0.00 0.04 
D 0.42 0.00 0.22 
SS 
sub-total 1.13 0.11 0.64 
0.16 0.28 0.22 
6. not recorded 
A 74.67 94.05 84.04 
7. total B 22.93 5.48 14.49 
G 1.36 0.16 0.77 
D 0.88 0.03 0.48 
not recorded 0.16 0.28 0.22 
sub-total 100.00 100.00 100.00 
(10,538) (9,867) (20,405) 


no. of sample persons 
sample blocks=212 ; sample households= 4,446 


=93 ; 
number of sample towns ei tion : 
1 Technical or professional SCH wn 
rofessional q degree or equivalent diploma and not covered by C: 


CN no Leg or eal skill without any 
. pro 5 i i 
d ificate or dip 

r3 Kë equivalent diploma in any 


Vor: IS | SANKHYA : THE INDIAN JOURNAL OF STATISTICS | Pants 1 & 2 
on d$ SA? A: 


ABLE (8 : PERCENTAGE DISTRIBUTION OF POPULATION BY SEX, SARA 
A : EDUCATION AND TECHNICAL OR PROFESSIONAL QUALIFICATION 


(e) base : persons of cach educational category 


—ə s.  .  — U U U J e ooo . 


| technical or i india total Zem A 
wasu a ME SS. 
(1) (2) e uw LN L - 
l. illiterato A 37.50 62.50 100.00 (10,519) 
B 75.70 24.30 100.00 (1,185) 
SES ^K ^ 0400,00 — (11.701) 
2. literate but below A 57.10 42.00 100.00 | (6,122 s 
matric B 85.40 14.60 100.00 (1,541) 
Ü 80.65 19.35 100,00 (62) 
sub-total 62,94 37.06 100.00 — 3 
3. matric A 82.40 “17.60 “100.00 l 
B 89.70 10.30 100,00 
[o] 94.20 5.71 100,00 
p 91.89 8.11 100.00 (37) 
Dn 100.00 —— (8) — 
4. intermediate o “10.84 2d 100,00 (83) 
n 86.84 13.16 100.00 (38) 
c 100.00 0.00 100,00 (18) 
D 100.00 0.00 100,00 (15) 
sub-total 90.91 9.09 100.00 (154) 
5. graduate and above A 89 58 I 10 42 y 100.00 (48) 
B 78.57 21.43 100.00 (28) 
c 100.00 0.00 100.00 (9) 
D 100.00 0.00 100.00 (45) 
sub-total 91.54 8.46 ` 100,00 (130) — 
6. not recorded 40.00 60.00 100.00 (45) 
7. total A 45.88 54.12 "WC Ta = 
B 81.70 18.30 100.00 (2,957) 
c 89.94 10.06 100.00 (159) 
D 96.91 3.09 100.00 (97) 
not mdai 40.00 60.00 100.00 (45) 
subtotal 51.64 48.36 100.00 (20,405) 
number of sample PN f sample blocks= 212 ; sample honssholds=4,440 
t Technical or professional qualification : 


A. no technical or professional qualification: 
B. professional or technical skill without any € 
C. certificate or diploma in typing, 


legree or equivalent d iplom. 
D. degree or equivalent diploma in 


G; 
e À à and not covered by 
stenography, nursing, midwifery, op pharmacys 

any technology or profession ge : ep 
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NATIONAL SAMPLE SURVEY : URBAN UNEMPLOYMENT 


TABLE (25) : PERCENTAGE DISTRIBUTION OF UNDEREMPLOYED GAINFULLY  OCCU- 
PIED PERSONS BY INTENSITY OF EMPLOYMENT AND REASON FOR UNDER- 


EMPLOYMENT 


a ——— 


intensity of employment 


reason for — total no. of 
underemployment less three sample 
nil than quarter half quarters : persons 
quarter 
(D 2) (3) (4) (6) (6) 0 . o 


(a) base : underemployed gainfully 


oceupied persons having each type of reason for underemployment 


1. disability to aceopt work 
for illness 24.68 9.49 10.13 22.78 32.92 100.00 (316) 
2. domestic reasons 6.93 7.92 11.88 22.77 50.50 100.00 (101) 
3. ue pS ane: to 
te > ben 6.78 5.08 11.86 27.12 49.16 100.00 (59) 
4. fall in domand 1.97 12.47 18.16 39.83 27.57 100.00 (457) 
5. industrial disputes 0.00 0.00 0.00 0.00 100.00 100.00 (2) 
6. slack soason 11.02 19.77 17.51 33.90 17.80 100.00 (354) 
7. other reasons 10.55 10.09 11.47 37.39 30.50 100.00 (436) 
8. not recorded 100.00 0.00 0.00 0.00 0.00 100.00 (5) 
10.86 12.24 14.21 33.32 29.37 100.00 (1,730) 


9. total 


(b) base : underemployed gainfully occupie 


d persons with each degree of intensity of employment 


L ss to accept work SST 14.15 13.01 E SE? — 
r illness 
2. domestic reasons 3.72 3.77 4.88 3.99 10.04 5.83 
3. fall in production due to 
lack of materials and . 7.18 1.42 2.85 gx sa ZS 
equipments . 
4. f astu 4.7 26.89 33.73 31.60 24.81 26.43 
. fall in domana a 
5. slack 20.74 33.02 25.20 20.83 12.40 20.46 
5. slack season 
0.00 0.00 0.00 0.39 0.12 
6. industrial disputes 0.00 
94.47 90.75 20.33 28.30 26.18 25.21 
7. other reasons Ze 
8 ded : 2.66 0.00 0.00 0.00 0.00 0.29 
. t 
— 100.00 100.00 100.00 100.00 100.00 100.00 
9. . E 
ëm (246) (576) (508) (1,730) 


no. of sample persons 


: nbe: 
number o/ sample towns=23; num 


r of sample blocks= 


111 


212; number of sample households= 4,446 


. é n ary Q & d 
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OL. £ Ad! i 


` GH q Lé " D ES AND 
TABLE (26) : PERCENTAGE DISTRIBUTION OF UNEMPLOYED PERSONS BY TYP 
Ke" EDUCATION 


AA O OOO Li 


unemployed persons seeking employmont 
technical or 


ee 
1 
adi fessional for tho not for the tota 
general education aa Fes per Ce Elmo first time u 
4 - - 5 
"m (2) (3) a 6 
-77 
1. illiterate A 12:08 Wë e 
B 3.80 9.28 6.82 
i) sub-total 16.46 95.77 21.59 
© 2. litorate but below A 43.45 29.87 Soft 
matric B z 16.46 29.21 23.48 
ai i a. 0.00 2.41 1.33 
Le ii) sub-total 59.91 60.49 60.23 
3. matric — A 13.51 3.10 7.76 
B 2.95 3.78 3.41 
ro 0.84 1.37 1.14 
D 0.42 1.03 0.76 
iii) sub-total 17.72 um 13.07 
- 4. intermediate A 5 2.12 2.07 2.08 - 
B 0.42 0.34 0.38 
c 0.84 0.00 0.38 
D 0.00 0.34 0.19 
iv) sub-total 3.38 2.75 3.03 
5. graduate and above A 1.69 1.03 1.32 
B 0.42 0.00 | 0.19 
c 0.00 0.00 0.00 
D 0.42 0.34 0.38 
v) sub-total 2.53 1.37 1.89 
6. not recorded Te > See 0.19 
+ RE oc A . . 
=== =... E 
7. total .. A 73.43 51.56 61.35 
3 24.05 42.61 34.28 
5 1.68 3.78 2.85 
0.84 1.71 1.33 
not recorded 0.00 0.34 0.19 
== A 10000 — me 100.00 - 
no. of sample persons 8 (237) (291) (528) 
number of sample towns=23; number of sample blocks 219 ; number of sample households— 4.446 
'Technical or professional qualification: 


no technical or professional qualification; 


professional or technical skill without any degree or equivalent diploma and not covered hy €: 
cortificate or diploma in typing, stenography, nursing, midwifery or pharmacy; b 
degree or equivalent diploma in any technology or train 3 y: 
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TABLE (27): PERCENTAGE DISTRIBUTION OF UNEMPLOYED PERSONS BY TYPES AND 
INCOME EXPECTED 


—————————M 
unemployed persons seeking employment 


^ rango of income 


expeetod in rupees for tho not for tho total 
per month first timo first time 
(1) (2) (3) (4) 
l. up to 25 8.02 8.93 8.52 
së 
2 26— 50 20.54 29.55 29,55 
B 3. 51-100 42.00 45.03. 43.94 
4. 101—150 14,77 10.65 12,50 
f 5 151—200 1.69 1.72 1.70 
6. above 200 0.00 0.34 0.19 
.7. not recorded 3.38 3.78 3.60 
8. total 100.00 100.00 100.00 


Teen AE 


number of sample towns=23 ; number of sample blocks=212 ; number of sample households= 4,446 
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NATIONAL SAMPLE SURVEY : URBAN UNEMPLOYMENT 


TABLE (30): PERCENTAGE DISTRIBUTION OF UNEMPLOYED PERSONS BY TYPES AND 
NATURE OF EMPLOYMENT SOUGHT 


Le 


unemployed persons 
seeking employment 
nature of omployment sought d URL. 


for the not for the total 
first time first time 
(1) (2) (3) (4) 
as own-account worker: 
1. agricultural production 0.00 1.37 0.76 
2. animal husbandry 0.84 0.69 0.76 
3. manufacture and handicrafts 5.49 8.59 7.20 
4. transport service 2.11 2,41 3.27 
5. trade 5.49 11.00 8.52 
6. professions and financial transactions 2.53 6.53 4.73 
(i) sub-total (rows 1-6) 16.46 30.59 24.24 
as employee: 
7. manual work—unskilled 24.04 23.72 23.85 
8. » —skilled 12.66 15.12 14.02 
(ii) sub-total (rows 7-8) 36.70 38.84 37.87 
9. non-manual Nous adnumetra eoe exeeutive or 21200 11.68 15.90 
10. 5 —technical and technological 3.80 4.81 4.36 
Il; » —medical, surgical etc. 1.27 1.37 1.33 
12, ¿ó E os. writing and ins sa Bac 
13. " —fine arts 1.27 0.00 0.57 
14. 4 —others 11.39 4.12 7.39 
(iii) sub-total (rows 9-14) 43.04 25.42 iis 
(iv) sub-total (rows 7-14) 79.74 64.26 71.21 
15. not recorded 3.80 5.15 4.55 
100.00 100.00 100.00 
16. total 
(237) (291) (528) 


no. of sample persons 
A 


wns=23; number of sample blocks=212; number of sample households=4,446 


number of sample to 
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Vor. 18 | SANKHYA : THE INDIAN JOURNAL OF STATISTICS — [ Parts L & 2 


TABLE (32) : PERCENTAGE DISTRIBUTION OF UNEMPLOYED PERSONS BY TYPES AND 
ATTITUDE TO REGISTRATION 


9999 


unemployed persons 
seeking employment 
attitude to 


registration for the not for the total 
first time first time 
(1) (2) (3) (4) 
1. registered 24.05 25.09 24,62 


not registered due to 


2. ignorance 33.75 35.05 34.47 
3. remoteness 1.27 0.69 0.95 
4. lack of faith : 10.55 10.31 10.42 
5. indifference 4.22 4.12 4.17 
6. ineligibility 2.55 2.06 2.27 
7. other reasons 13.50 14.78 14.20 
AR M t o 3 
(i) sub-total (rows 2-7) 65.84 67.01 66.48 
8. notrecorded . 10.11 7.90 8.90 
9. total 100.00 100.00 100.00 
no. of sample persons (237) (291) (528) 


number of sample towns=23; number of sample blocks=212; number of sample households— 4,446 
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NATIONAL SAMPLE SURVEY : URBAN UNEMPLOYMENT 


TABLE (33) : 


PERCENTAGE DISTRIBUTION 


EDUCATION AND ATTITUDE TO REGISTRATION 


OF UNEMPLOYED PERSONS BY GENERAL 


attitude to 


general education 


registration literate inter- graduate not no. of 
illiterate but below matric mediate and recorded total sample 
matric above persons 
(1) (2) (3) (4) (5) (6) (7) (8) (9) 
(a) base : unemployed persons of each general education standard 
1. registered 14.04 24.53 39.13 43.75 20.00 0.00 24.62 
not registered due to š | e 
2. ignorance 56.14 34.90 5.80 12.50 10.00 0.00 34.47 | 
3. remotonoss 0.00 0.63 2.90 6.25 0.00 0.00 0.95 a 
4. lack of faith 5.26 10.38 15.94 6.25 40.00 0.00 10.42 
5. indifferenco 3.51 3.77 7.25 0.00 10.00 0.00 2.17 
6. ineligibility 3.51 2.52 0.00 0.00 0.00 0.00 2.27 
7. other roasons 11.40 14.15 15.94 25.00 10.00 100.00 14.20 
(i) sub-total 79.82 66.35 47.83 50.00 70.00 100.00 66.48 
(rows 2-7) 
8. not recorded 6.14 9.12 13.04 6.25 10.00 0.00 8.90 
9. total 100.00 100.00 100.00 100.00 100.00 100.00 100.00 
no. of sample » 
persons (114) (318) (69) (16) (10) a) (528) 
(b) base: unemployed persons with each type of attitude to registration 
1. registered 12.31 60.00 20.77 5.38 1.54 0.00 100.00 (130) 
ge m 35.16 60.99 2.20 1.10 0.55 0.00 100.00 (182) 
3. remoteness 0.00 40.00 40.00 20.00 0.00 0.00 100.00 (5) 
4. lack of faith 10.91 60.00 20.00 1.82 7.27 0.00 100.00 (55) 
5. indifference 18.18 54.55 22.78 0.00 4.54 0.00 100.00 (22) 
6. ineligibility 33.33 66.67 0.00 0.00 0.00 0.00 100.00 (12) 
7. other reasons 17.34 60.00 14.67 5.33 1.33 1.33 100.00 Ki. 
'(i) sub-total 25.93 60.11 9.40 2.28 1.99 0.29 100.00 (351) 
(rows 2-7) 
8. not recorded 14.89 61.70 19.15 2.13 2.13 0.00 100.00 (47) 
$ total 21.59 60.23 13.07 3.03 1.89 0.19 100.00 (528) 


number of sample towns= 


16 


2 


23 ; number of sample blocks= 


212; number of sample households= 4,446 
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APPENDIX 1 


COMPARISON OF TWO INDEPENDENT SUB-SAMPLE 
ESTIMATES 


| 1. This survey on urban unemployment was the first of its kind to be 
undertaken by the National Sample Survey. It was in the nature of a try-out 
intended to reveal the various types of problems arising in surveys of this type. It 
was not expected to furnish estimates of high precision. 


2. As with other surveys conducted by the NSS, the total sample was divided 
into two independent sub-samples, each capable of furnishing valid estimates. The 
number of sample towns in sub-sample Í was 12 and it was 11 in sub-sample II. In 
some of the strata the number of sample towns represented in the two sub-samples 
was not the same, In the strata where the number of towns was not even, the 
number of towns finding a place in one sub-sample had to be one more or one less 
than in the other sub-sample. Nevertheless some idea of precision of the 
estimates can be had by comparing the two sub-sample estimates, 


3. In the set of tables given below, a comparison has been made between 
the estimates obtained from the two sub-samples separately. A few important 
characteristics have been selected for comparison. 


Table A.1 : Percentage distribution by age-groups. 

Table A.2 : Percentage distribution by industrial status. 

Table A.3 : Percentage distribution by economic status. 

Table A.4 : Percentage distribution by general education. 

Table A.5 : Percentage distribution by monthly household expenditure. 

4. It will be observed from columns (2) and (3) in the annexed tables that 
the two sub-sample estimates are of the same order. In a good number of cases 
however, the estimates may not be considered satisfactory if high precision is Wé 


quired. This is particularly true of estimates of cell frequencies in two-way 
distributions which have been generally given in the Statistical Tables. 


5. The combined estimates shown in col (4) of the tables have not been 
derived by combining the two sub-sample estimates but they have been calculated 
directly from all the sample units taken together. This explains why, in some 
cases, the combined estimate does not lie between the two sub-sample estimates. 


122 


NATIONAL SAMPLE SURVEY : URBAN UNEMPLOYMENT 
TABLE A.1: PERCENTAGE DISTRIBUTION O 
NTAGE N OF POPULATION D 
TWO SUB-SAMPLES ae niis 
eg 


ago-groups sub-sample sub-sample " 
(in years) I TI iu Exe sd 
— estimates 
A A (3) m 

de 19.20 19.61 

CH 21.24 20.95 

r 3.59 3.61 

= 8.61 8.46 

2 9.74 9.94 

E 14.59 11559 

e 10.00 9.91 

ES 6.79 6.87 

9. 57—61 2.62 2.66 
10. 62 & above 3.62 3.59 
11. total 100.00 100.00 100.00 
no. of sample towns 12 11 23 
no. of samplo blocks 110 102 212 
no. of sample households 2,394 2,052 4.446 
no. of persons in the sample 10,812 9,593 90/405 


PERCENTAGE DISTRIBUTION OF POPULATION BY INDUSTRIAL STATUS 


FOR TWO SUB-SAMPLES 
ee L E 
industrial status sub-samplo sub-sample combined 
sub-sample 


estimates 


TABLE A.2 : 


(1) (3) (3) m 
gainfully occupied persons: 
1. employers 0.36 0.56 0.47 
2. omployeos 16.22 18.54 11.59 
3. own-account workers 12.57 10.05 11:40 
4. unpaid household labour 3.34 1.92 KO 
(i) sub-total : 32.49 31.07 32.20 
unemployed: -A na 
5. f the first time Et E 1.16 
6. Sch for the first time 1.19 1.76 1.43 
(ii) sub-total : 2.17 3.24 ER 
i embers engaged » 
n fe eo work only 22.95 21.71 29.98 
8. rentiers and pensioners 0.65 0.67 0.61 
«a and persons living 
pe boe aritios and remittances 0.71 1.02 0.82 
1 infirm persons, 
pe Keser students 40.68 41.55 40.95 
(iii) sub-total : 64.99 64.95 64.66 
11. not recorded 0.35 0.74 0.55 
12. total 100.00 100.00 100.00 


125 


Vor. 18] SANKHYA : THE INDIAN JOURNAL OF STATISTICS [ Parts l & 2 


" 


LI E STATUS 
TABLE A.3: PERCENTAGE DISTRIBUTION OF POPULATION BY ECONOMIC STA 
FOR TWO SUB-SAMPLES 


i V bined 
economic status sübssample sub Ke am am M 
mid I estimates 
ECS 2) (3) (4) 
1. roses 26.17 26.16 26.26 
2. earning dependents 8.15 7.45 8.00 
3. non-earning dependents 65.49 66.20 65.56 
4. not recorded 0.19 0.19 0.18 
5. total 100.00 100.00 100.00 


TABLE AA: PERCENTAGE DISTRIBUTION OF POPULATION BY GENERAL EDUCA- 
TION FOR TWO SUB-SAMPLES 


ns 


sub-samplo sub-samplo combined 
general education I TI sub-samplo 
estimates 
0) (2) (3) (4) 

1. illiterate 64.69 48.47 57.36 
2. literate but below matric 31.96 45.08 37.86 
3. matric 2.15 4.33 3.17 
4, intermediate 0.54 1.02 0.75 
5. graduate and above 0.52 0.81 0.64 
6. not recorded 0.14 0.29 0.22 
7. total ` š I 100.00 100.00 100.00 


t 


TABLE An: PERCENTAGE DISTRIBUTION OF POPULATION BY MONTHLY HOUSEHOLD 
~ EXPENDITURE CLASSES FOR TWO SUB-SAMPLES 


es 


expenditure class sub-sample sub-sample combined 
(in Rs.) I II sub-samplo 
estimates 
(1) (2) (3) (4) 
l. upto 50 j 27.47 20.66 24.28 
2. 5l— 100 38.28 33.04 36.14 
3. 101— 200 22.33 29.02 25.17 
4. 201— 300 6.53 9.38 7.82 
5. 301— 500 3.47 4.89 4.22 
6. 501—1000 0.57 1.58 1.05 
7. above 1000 0.25 0.92 0.52 
8. not recorded 1.10 0.51 0.80 
9. total: 100.00 100.00 100.00 


NATIONAL SAMPLE SURVEY : URBAN UNEMPLOYMENT 
APPENDIX 2 
SCHEDULE OF INVESTIGATION 


GOVERNMENT OF INDIA NATIONAL SAMPLE SURVEY : 1953.54 


Preliminary Employment Survey : Urban Areas : September 1953 


[1] identification [2] general particular of household. 
1. zono-Stato 1. household size: male | | 9. h.h. industry occupation 
2. stratum SG e female] 10. land possessed (acre 00.00) 
3. samplo town UH total 11. religion 
4. samplo block 4. no. of earners + 12. mother tongue 4] inspector: 
5. fraotion codo 5. » caring dep. | 13. informants’ willingness 2. date of inspection esse... ae 
6. priority ` 6. non-carning dep. 14. informants’ ability 3. date of scrutiny... 
Tabb: no. 7. expondituro code(a) = i 
8. income code(b) 


[5] demographic and employment dotaila 


(e): expend 


(b): 
(e): 
(d): 


as on date of Survey. «sse during month ended on. pem 
sl. e £ = a if unemployed 
E 31% zt E | <| description of | industry | S| El | = 
relation 3 EE Ba lol “occupation | occupation |s ë|; | 3 |g o |= 
ted j“ I$2l$ s|is|&|s ORE code MIE E BIERI 
; aa gis | 2] 4 Ei BB SI ZS SI 
:|8 3131318 sis ABRAS PE El 
i HEIHHHHE iv iia 
š glelalelale | š 8683883 EBRE EEES: 
| LI E EC i LT 
7 — Tejo OO 13) (14) as ` mei fas fav ao [en [en 
wawami E la EI 
|_| ft L E E E emie - — li Al 
RE pe FT TT TT = PT I 
sq ga, E aaa = = 
SR Sas | © 
L L C — er 
——— pee [a 
BE miw Wi E 
CRE 
aS SC T T | BR SZ ES 
— Wan Si =! | 
— — men KM 3 
TT MAR Le | 
Wisma ú sam m | a Bid 
501.700 (6) 701-1000 (7), 1001-1500 


101-200 (2); 201-300 (3); 301-400 (4); -401-500 (5); 


76-100 (12); 101-150 (21); 161-200 (22); 201-250 (31); 251-300 (32); 301-360 
HCH D "Dh. and (80); above 1500(90). 
ee divorced-4, soparated-5. 


iure codes 0-60 (0); 51-100 (D; 
(8); above 1600 (9). 
code: 0:25 (01); 26-50 ( 


(41) 351-400 (42); nasa CN widowed-3, dÉ 
marital status: single-1, Sec? i bel imary (1), primary (2), middle (3), matrio (4), inter- 
iliterato (0), literate, but pe ELE 4 Sommerce (8), post-graduate—scienco 


CE it (0), graduato=aciónco (7), 


2 digited—left digit: 
Mediate (5), graduate-arts & 


; e no S ificati fi Hold ional or ical skill without any degree or equi: 
right dgit. i fessional qualification. (o), protesen ing, midwifery and pharmacy diploma or certificat 
š it: technical or pr n da 53 p = = 
E dere o dE lie or equivalent dip oma holder in engineering (4), agriculture (5), medicine (6), banking, insuran 

d 3 
PUE A law (8), other technology or profession (9). g ico, audit, 
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[6] employment position o year ago from date of survey... ... [7] time loz bot seen comp: 


tion of education & firat 
employ nent of graduate 


& under-graduates 


"Zn" 4 4 s E 
d jae 2 8 e AE 2 

£ "o [e | description o š E description of industry | 3 
SE = oi 52 [Sal occupation occupation EE NW Kata? occupation | © 
s183 ES! ES 33 sy code EE ¿gls codo v 
2155,82 23 2923 salas SI Ë 
Geste 53 Es [£a HAE š 
$ 2288 Bš 88 [63 à f E m 

i pL 

EC us 20) un [as 
ojo [e| elol e [oi (8) c» [eo jan a mm (6) En 
| 
ELE 


Fat | 
L 
18] tote! cesh receipts during last month endod on 
—— ria typo of receipts amount 
no. (Rs) 
a) 2) e 
l. | earned income 
| 2. [renta 
3. | pensions 
— 4. | louns taken 
! | 5. | rele of asseta 
I 6. | past sevings 
f codo nos. (contd): 7. | charities 
(e): migration code—2 digited = 
left ex 21 (6), temporary visitor (1), migrant from rural area of same Es Keess 
Lo (2), urdan area of same stato (3), rural area of different state (4), | 9. others 
urban area of diffe rent state (6), East Pakistan ag D.P. (6), West Pakistan - 
as D.P. (7), other migrants (8). 10. total 
right d use duration code. à : 


(f) duration code: nil (0), 3months (1), 6 months (2), 1 3), , 4 y 5 3 
) (8) as. pu [o ü (2), 1 year (3), 2 years (4), 4 years (5), 6 years (6) 


10 yeere (7), 15 years 
(g) why migrated: uncroployment (1), 


partiel unemployment (2), upatior D inl (3), f e ii il 
other reasons (5), does not arise’ (b) ployment (2), occupation not congenial (3), further studies not possiblo (4), 
(h) economic status: earner ((1); earning dépendent (2); 


(i) industrial status: omployer (1), omployco (2), ovm 


tho frst timo (5), other unemploye: cocking empl 
only (7), rentiors, pensioners (8), 


Ronearning dependent (3). 
count 9. unpaid h.h, labour 
Seer nd or, excluding 5) (6), family member engaged in d i dc 
beggars end persons living on charities and: romittances (9), old, infirma, A child, student (0). 
intensity of employmenteno work (0), less than querter (1), quarter (2), half (3), three queters (4), full (5). 
(k): why underemployed: disability to accept work fo domestic reasons (1) 

and equipments (2), fail in demand (3), policy, political ge 

(G), eher reasons (7). 


(1) registration code: registered (1) not registered due to—ignorance (2) 
eligibility (6), other reasons (7). 


(4), unemployed secki 


ing employment for 


ess (0), 3 fall in production due to-lack i 
sleck season (4), O!le- rarer not known (5); ind ere 


5 industriel disputes 
D 


remoteness (3), lack of faith (4), indifference (5), in- 


(m) employment sought: 


business: agri 
de (5), professi 


cultural production (1), animal husbandry(2 
ions and financial trar-actions (6). TYE) other manufacturo and 


urskilled manual work (8). skilled 
counts end typing ete. (10), nonmanus 
al, surgical , e +. (12), nonmanual work—legal, teachinz, 
fino arts, including production of cinema films, theetrical performances ete, 


panel, work: (artisan) (9), administrativo, 
SE = Ee, ana technological (11), 
g, writing end ihe like (13), k 
(14), nonmanual work other kinge Q manual wor 


kinds (15). 
E. P.—781-14,8,53,—10,000 


126 


SUR LA CONVERGENCE STOCHASTIQUE AU SENS DE CESARO 


ET SUR DES DIFFÉRENCES IMPORTANTES ENTRE LA CONVER 
GENCE PRESQUE CERTAINE ET LES CONVERGENCES EN 


PROBABILITÉ ET PRESQUE COMPLETES 


Par D. DUGUE 
de U Institut de Statistique de l'Université de Paris 


Le but de cet article est de rattacher les réciproques des théorème 
: s š ° ames connus 
sur le comportement de la moyenne de variables aléatoires à des théorèm i 
S E : coremes sur le 

comportement de la plus petite et de la plus grande de ces valeurs. 1 ‘sult 
z cai s. Les résultats 


t souvent valables en dehors du cas de l'échantillon. Nous utili 
a À s utn- 


que nous donnons son 
ations que nous 
Bulletin de | Institut International de Statistique 28° 

: 2 


serons des démonstr avons exposés dans un article (D. Dugué. Elé 
es limités) ( nsa 
ésigné par A. 
Sur les théorèmes limités du calcul des probabilités (B) 


ments stochastiqu 


qui sera d et dans un article qui va parâitre dans la 
s le 


session (Rome)) 
même revue sous le titre : 


e inégalité fondamentale 
es chapitre VI. paragraphe 44). En particulier s 


pw D >. fI š. 
ainsi qu'un de M. Paul Levy (voir par exemple Theorie de 
l'addition d 


définition de 


es variables aléatoin 


la convergence pre complète est donnée dans A. 


sque 


T "EMEN ÿ LA MOYENNE DE V. ES > 
1. Le COMPORTEMENT DE LA MOYENNE DE VARIABLES ALEATOIRES ET LE 


COMPORTEMENT DE LA PLUS PETITE ET DE LA PLUS GRANDE 
Nous allons tout d'abord établir le théoréme suivant. 
r » à H H s 
Xy Xe: ee Xy: +.» Gant ume suite de variables aléatoires et M 

n 


grande et la. plus petite valeur des premiers résultats, il 


Theoreme 1.1: 
nt la plus 


et m, respectiveme 
S x - 
. “5, Tas variables Ya = m A EX, 
est nécessaire pour que la suite des variables Y, = y = . À — 
ür L vers une quantité cerlaine où aléatoire que M, + Mn tendent presque sa 
sarement vers une Y = = presque sûrement 


vers 0. - 
Së nun UNE suite de réalisations des variables aléatoires Xy, 
Il 


Soit An, vo s 
Si y, tend vers une limite (aléatoire ou certaine) il est connu que 

| n 

mAT NM f 

[la plus grande valeur des ? premiers rest tats] et; [la plus petite valeur des n premiers 

i ay EH 3* ane 

résultats] tendent vers 0, Le premier évenement (existence d'une limite pour g,) 

M, , m, g 
limitenulle PORT p Ge? second a une probabilité supérieure 


‘est-à-dire 1.) 
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M m 
Il est done presque certain que CH et — tende vers 0. Remarquons que le 


théorème ne fait aucune hypothése sur la dépendance ou l'indépendance des variables 
2s erg 


Dans le cas de l'échantillon (X,..... X,, ... indépendants et ayant la méme 


š A z š M m ge — 
loi de probabilité) il est nécessaire pour que ^^" et ^" tendent presque sûrement vers 
n n 


0 que E (| X|) existe; on retrouve ainsi comme ces cas particuliers un résultat déjà 
connu (voir par exemple D. Dugué, C. R. Ac. Sc. Paris 234 p. 1837). 


On a de méme le théoréme I bis. 


Theoreme 1.2: X4, Xo... X ,... étant une suite de variables aléaloires pour 
que Y, soit presque sûrement borné en valeur absolue par un nombre certain M il est 


A Mn on: E 
nécessaire que — et —" soient presque sûrement bornés en valeur absolue par 2M. 
n n 


D'une manière générale on dit qu'une suite aléatoire est presque sûrement bornée 
par le nombre certain M s'il y a une probabilité égale à 1 pour 


qu'il wy ait qu'un 
nombre fini de résultats supérieurs à M. 


T " Ki, aus kr EI 

Si l'on à presque sûrement ext E EAn < M on aura presque sûrement 
P ata... LE! n š X 
| "ii ki le Ces M et par suite | Ces < 2M. Cela entraine exactement 


TN 4 ÀJ : 
comme dans le cas du théorème I. que L, et Din soient presque sürement bornés en 
n n 


valeur absolue par 2M, 


E P DH . . H D 
Dans le cas ou X}. .... X » forment un échantillon, on sait (voir A) que si M, 
n 


My. " Ben à 
et sont presque sürement bornés, ils tendent presque 


% sûrement vers 0 et par suite 
à Lo A. imis 4 D 
que = tend presque sûrement vers une limite (qui est égale à Z(X)). Dans 
e ; Xr. +X 
n CR as CH D i St " ^ " 
le cas de l'échantillon — — ga ‘Be peut pas être presque sûrement borné, sans 


tendre presque sûrement vers une limite 
On a de méme. 


Theoreme 1.3: X,..... X, formant un échantillon Y, ne pe 


ut-pas ¿tre presque 
sûrement stable sans que Y, tende presque sûrement vers une limite. 


En effet si Y, est presque sûrement stable il existe une suite de nombres 
certains d. ....d,.... tels que Y,,—a, tende presque sûrement vers 0. 


7 


, X D š 
Onen deduit que " be? — Daun + SC a, doit tendre presque sûrement vers 0. 
+ + 
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z X, A 
Par conséquent E sa| En E a,) doit tendre en probabilité vers 0. 


Les X, obéissant à la meme loi de probabilité ut tend en probabilité vers 0. On en 
n 


dul n - : 4 
déduit que «,,,— — 4, doit tendre vers 0. Ce qui a comme conséquence que 


b. ; 
^ ë " š Ke š 
¡ tend presque sûrement vers 0. Or si dans un échantillon ^ " tend’ presque 
n 


n+ 


n+ 


sûrement vers 0, Y, tend presque sûrement vers une limite égale à Z(X) ce qui établit 
le théorème 1.3. 


On peut généraliser cet énoncé en supposant seuelement que X, ..., X,, ... 
forment un ensemble de variables aléatoires borné en loi. (pour la définition d'en- 


sembles bornés en loi voir B). 
Dans ces conditions X, tend en probabilité vers 0. On en déduit encore que 
n 
n i H 0 X, l AE ^ 
= a, tend vers 0; ce qui entraîne encore que = tend presque strement 
n+l L1 3 H n+l 
n-4-1 


vers 0 et par suite que M, et Mn tendent presque sûrement vers zéro. 
D n 


On a done. 

r r tant variables aléatoires bornés e i 

Theoreme 1.4: Xp ee Am + ¿tant des s en loi si 
Ma „4 Mn E 
—^ et tendent presque sûre- 


, ? 
4 Or » il est nécessaire que ` 
Y, est presque sûrement stable il est mecess gue x 


ment vers 0. 


I 
e ABILITE ET LE CO) TEMEN 
2. LE COMPORTEMENT EN PROBABILITE ET LE COMPORTEMENT 


PRESQUE COMPLET DES QUANTITES d 


1l est jeux de remarquer qu'il y a plus d'analogie entre les théorémes qui 
est, curieux : à ay : y 

t leux sortes de convergence qu'avec ceux concernant la convergence 
concernent ces deux 


presque certaine. u f 
e l'indépendance des variables est ici essentielle. 


an = et 
out d’abord remarquons q | 
pi ip une suite de variables non indépendantes, telles que Y, tende 
On peut avoir u H 
imite alors que My at Min ne tendent pas en probabilité vers 

en probabilité vers une limite a E ^ 


è nt. 
me presque complètemen 


0. Et il en est de mél 


En effet considérons la suite : 


X ore Xon- Xon =— Ki Dr 
Reg Ke = — 1: 
l ties Xu Xe X. étant indépendantes et obéissant à la même loi 
es variables X4, Xa s A unt sillon). 

de probabilité F(x) (autrement dit formant un échan ) 
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class, then we can expect that we will not be able to make as precise statements as if we had 
applied a technique specially designed for this latter class of models. Tf we insist in demanding 
moderate or high precision in our estimates, quite long time series will be required or alter- 
natively a fair number of shorter series. In connection with this it may be pointed out that 
most of the recent work is of a large sample character. 

As we have seen the three groups of models complement each other and correspond 
to different practical problems. Although much progress has been made in time series ane 
lysis, it is evident that much has to be done before the theory can be said to be in a satis- 
factory shape. 

The present fairly general approach to time series analysis is somewhat hampered 
by the lack of suitable families of stochastic processes defined to fit the demand from the ap- 
plications. Therefore the most important need is perhaps that of more realistic and flexible 
probability models. To do this we have to rely on the applications : close contact with the 
subject sciences will help us to constructsuch classes of stochastic processes that are well fitted 
for practical use. The success of some of the new techniques mentioned in Section 4 is un- 
doubtedly due to the fact that they are founded on models with a sound deductive background. 
Instead of just trying to fit a model mechanically to the data. one should seek one based 
on a more penetrating analysis. The class of probability structures ought to correspond 
to the knowledge we already have of the phenomena under investigation. Causal 
concepts may be helpful for this construction. An illuminating discussion of this and related 
topics can be found in H. Wold (1952). 


It seems likely that also in future work in time series analysis we will h 
satisfied with approximate methods. I would be surprised if it show 
methods of inference valid exactly for small sam 


ave to be 
ed possible to obtain 
ples under such general conditions that we 
are interested in. In the light of what has been said earlier, this need not depress any except 


the perfectionists, since we will need fairly large samples anyway to get sufficient resolving 
power in the analysis. The modern tendency among theoretical Statisticians of to-day 
towards abstract methods, valuable and necessary also in time series analysis, has resulted 
in that problems with a more practical flavour have been neglected to some extent. 
The extensive formal manipulations may scare the theoretician and offend his aesthetic 
sense, but there are a lot of interesting, difficult and tempting questions involved 
of an analytic character, also when approximate methods should be de: 


signed. This is so 
at least if one has ambitions to get logically sound and mathematically 


proved results, 
This brings me to another point which I consider important. It has been argued 
that, as statistics is an entirely applied science, it is not necessary to have completely 
rigorous derivations. Now the statistician usually takes the attitude that one of this jobs 
(and perhaps the main one) is to spread the use of sound techniques in research when 
statistics is used in practice. We all know how easy it is to make an error in the planning 
and analysis of statistical investigations. The statistician should see that this does not 
happen, and he is then helped by his experience and by statistical theory. If this should 
work it is necessary that the theory is correct. Now, in many branches of statistics the 
mathematical difficulties are negligible compared to the questions of application and 
interpretation of the method. If the algebra and calculus involved is not used in a quite 
rigorous way. there still is not very great danger of committing a grave error, if the method 
is based upon a sound intuitive argument. However as the mathematical complexity 
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> usually ` 


mn ^ 
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A 
| 
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as has happened in time series analysis and which is likely to go on 

4 E . D x = * 
be more careful with the mathematies. There are examples in time 
rs of this kind have led to misleading or erroneous results. 
the role of intuition in scientific work, but we should be care- 
so that we know ifand when it works. Tt is 


increases, 
then one has to 
series analysis where erro! 
| do not want to underestimate 
ful before offering a new statistical technique. 
act of intellectual honesty to apply 
criticize the subject sc 
ttitude among some statisticians t 
rrect mathematical proof interpr 
he methods: proofs are not & luxuary but can 
1 to tell us practical things. Also let us note that the practical statisti- 
f empirically verifying or falsifying the validity of 
h the statistician can do this is 
eries 


the same norms on the logical basis for 


ientist for his defect statistical reasonings. 
owards their col- 


only a simple 
theoretical work as when we 
We have all met the holier-than-thou à 
ed fields. Furthermore à co 
good deal about the range oft 


leagues in appli eted in the right 
manner tells us a 
and should be usec 
cian does not have 
his method as does e.g. 


by artificial sampling experiments. 
t that is my experience. 


the same possibilities o 
The only way in whicl 


the physicist. 
y and cumbersome to do in time s 


This is quite costl 


analysis, at leas 
yriefly another topic of considerable importance. how to use 


The theory of prediction due to Wiener-Kolmo- 
It is designed for the case when we have observed 
) up till some time t. We want to 
cess at some future time point, y(t-+-h)- This beautiful theory 
but in many practical problems it cannot be used since 
an unknown systematic component m(t) super- 


a good idea of the underlying mechanism, 
a case where overenthu- 


1 like to discuss 1 


I woulc 
r the purpose of prediction H 
1949) is well-known. 


the one we have denoted by y(t) 


time series fo 
(see Wiener 
y process (say 
value of the p! 


tant applications. 
or because there is 


Tf we do not have 


(£) closely enough. 
lysis might le 


gorov 
a stationar; 
predict the 
has many impor 
either y(t) is not stationary 


imposed on the observations. 
e unable to describe m 
ting tools of time series ana 


Ss, This is certainly 
we may D 3 
Es of exis ad to disastrous results. 
e of exis 

casting in fields like economics, demography 
t lie only in a refined statistical treatment 


must be collected so 
Statistics does not 


siastic US 
e this exist for long range fore 


ear that the solution does no 
ctioning of the generating mechanism 


and others. f 
but more information on the fun “bed in more precise terms 
1 . re of m Liste s 

that the structure us belief in it. 


work miracles | 


Situations lik 
It is cl 


is a superstitio 


6. CONCLUSIONS 


1d put the emphasis on the following items : 
ith the practical de 


s of stoc 


ands the time series analysts and the 


m 
d on more realistic 


(i) Keeping Se " hastic models, base 
ther mus 


` ¡lists toge . 
probabilis E at the underlying me 
ds should be developped, 


ass tions about B di 
mi Le ; m the appropriate models statistical metho! |b 
(ii) gunos least large and moderate sample size. The validity of the ap- 
hould be given to the need for simpler 


a rigorous logical and mathe- 


rox 
methods | EN 
. „] investigations should be base 
iii theoretical inves 
iii) The 
i ation 
atical found S 
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I do not want to give the impression that what I have said here represents the com- 
mon and only opinion among time series analysts. Some of the topics discussed are quite 


controversial, but T would be glad if this paper could stimulate to a discussion of these 
questions. 
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THE USE OF SAMPLE RANGE IN ESTIMATING THE STANDARD 
DEVIATION OR THE VARIANCE OF ANY POPULATION 


By MOTOSABURO MASUYAMA 


Meteorological Research Institute, Tokyo 
and 
Indian Statistical Institute, Calcutta 


1. INTRODUCTION 


In statistical quality control and sometimes in the analysis of large-scale sample 
to estimate the standard deviation or the variance in the 
e of values of the ratio of the expectation of the sample 
range to the standard deviation as a function of the sample size which has been tabulated for 
and is used extensively in industrial practice. For a general conti- 
an upper bound for this ratio and at the same time 
ich this ratio is nearly zero. Tsumura (1952) com- 
lar, exponential and normal distributions and found 
lues are nearly equal, and fairly close to the upper 


surveys, the sample range is used 
population. This requires the us 


a normal population 
nuous distribution, Plackett (1947) gave 


gave a discontinuous distribution in wh 
puted this ratio for rectangular, triangu 
that if the sample size is small, these va 
bound obtained by Plackett. 

A problem that arises is this. 
variance be obtained by using a const 


Can an estimate of the standard deviation or the 
ant multiple of the range or its square, with the same 
ll distributions? In this paper bounds are derived for the ratio of the ex- 
ple range to the population standard deviation and that of the square 
o the population variance. In the opinion of the author, these bounds 
f the sample is small, and the harmonic mean of these bounds is 


multiplier. 


multiplier for a 
pectation of the sam 
of the sample range t 
are quite close, specially i 
suggested as the appropriate 


2, ESTIMATION OF THE STANDARD DEVIATION 


ard deviation and À the range in a sample of size n. Neglect- 


Let « denote the stand. 
ing the trivial case 2 = 0, it is easy to show that 
12Vnf(m—1) ifn is even 
erg (A 


Se Ems = 1/24/(n4- 1)/n if n is odd 


po = VA - M. "m 
Rmin 
If we now define coefficients b and d by 
E(u) = bo 23) 
E(R) = do ; | | n … Q) 
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pn 1 (nous allons préciser plus tard les intervalles où cette densité 
a? log |x| 
+o dx 


A 
iv = = 009» Í = - = — et par con- 
est effectivement 0 ou 2 log Y] ) , 22 log Lei u log u Į 


e M : " ad ada 
séquent la première condition est remplie. D'autre part Í : est 


divergente. 


Prenons la densité de probabilité égale à 0 sur le segment —2, +2 prenons 


EE — 4 de +2 à z, et nulle de —2 à —2,. 2, étant déterminé par la 
= x? log |z | 


Aada: 


gu 
condition Í 3-— 
2 a? log |z| 


= M. qui est possible à cause de la divergence de l'intégrale, 


Prenons la densité égale à 0 de a, à x, et égale à z Tog [a] de — à —2,, vy étant 


+4 Anda 


déterminée par | 1? log |z | 
es : 


= a, avec o, = —2M; et ainsi de suite, on voit que 


3 *n eda: 
l'intégrale au sens de Cauchy f Ce 


P Fa bt va osciller entre — M et M (à condition 


que la valeur absolue de toutes les quantités analogues à a, 
quantités étant alternativement positives ou nég 
aucune limite tout en restant bornée. 


soit égale à 2M, ces 
atives) et ne tendra donc vers 


Examinons maintenant le cas de la stabilité, 


Theoreme 2.4: Si X,,...,X,, ... forment un échantillon et si Y 


D n est stable en 
probabilité (ow presque complètement) 


m, Sun 
% p tendent en probabilité (ow presque com- 
plètement) vers 0. 


Si Ri est stable en probabilité il existe une suite Use. An, ... telle que S, ü 
n SUR m UE 
n 


tende en probabilité vers 0. D’après le paragraphe T, on doit avoir Gnn = — a ten 
n+1 gp PE 
dant vers 0. 


Sin — 8 8 q Sn—S 
E Las d, a S ( B )-( Y TM ) a: Pone e wd Lu E 


tend en probabilite vers 0 quand m augmente indefiniment (avec m >q). 
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On peut donc en prenant n assez grand trouver des nombres bi, ... b, aussi voisins 


de 0 qu'on le desire, tels que l'intervalle ferme de concentration maxi e e 
q imum pour 1 = £ 
9 


contienne l'origine comme point interieur pour les variables suivantes : 


$,—8. 1 
— uae = —b,--b, 


58% y ta 2 —b, Fbs 
n n 


Par consequent en vertu de l'inegalite de M. Paul Levy, la probabilité pour 


que toutes les inegalités 
[S141 nb] < n6, ..., | S, —na,—nb, | < ne 


1—Qs, (^ 3 ) 


oe BEE 
soient satisfaites est superieur - 
Qs, n 3 


Le fait que toutes les inegalités soient satisfaites entraine que les inegalites 
e fait 


E 
D 
1 n " 
Xn (a — yi ES —(b,—b,_,| < 2e 
D 
t comme pour # assez grand 0j,...,b, peuvent etre choisis arbi- 


sfaites € i 
tend vers 0 quand p augmente indefini- 


og sabi 
sont toutes š at p de 


e o eb que Di p4 


ent voisins d š 
plus haut que : 


trairem 
it comme 
ment on en deduit co 


e M, m y m 
Cela. entraine que et ES tendent en probabilité (on 


sme inegali Si 
ST PM 0 quand Sn est stable en probabilité (ou presque complè 
sent) ver i T 
- e completen 
presque © 
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Car quand > est stable en probabilité Qs( n E) tend vers 1 quel que soit 


are S i 
€ > 0 quand » augmente indéfiniment et quand ”” est stable presque complétement 
n 


€ ¿ PE 
1—Qa[ n 3 est le terme général d'une série convergente. 


y = utet, 


Corollaire; Duns le cas de l'échantillon la moyenne Y, 
n 


ne peut être presque complètement stable sans lendre presque complètement vers une 
limite. 
eil e ; M 
Car le fait que la moyenne soit stable entrainant que M, tende vers 0 (le tout 
n 
presque complètement) Z(X?) existe ce qui a pour conséquence que Y, tende vers une 
limite. 


Nous venons de voir qu’il n’en est pas de meme en probabilité. 


1 
3. CONVERGENCE EN PROBABILITE VER 0 SANS CONVERGER EN 
e ` 
PROBABILITE AU SENS DE CESARO 


Nous allons maintent donner des exemples des faits suivanti : 


Une suite de variables aléatoires X,, X,,..., X,,... peut tendre presque 
complètement vers 0 sans tendre vers une limite presque compléte au sens de Cesaro 
Par contre, si une suite riables aléatoires X,, X 

I 2 ; suite de variables aléatoires X,, X,, ..., X,, ... tend presque 
sarement vers 0, elle tend presque sûrement vers 0 au sens de Cesaro. Cette dif- 
férence dans le comportement provient du fait que la limite en probabilité ou presque 
compléte est une propriété marginale, alors que la limite presque sure est une propriété 
globale. 


Si une suite de réalisations tend vers 0, cette suite de réalisations tend aussi 
vers 0 au sens de Cesaro et par conséquent si les suites de réalisations tendant vers 
0 ont une probabilité unité les suites ayant 0 pour limite au sens de Cesaro ont aussi 
une probabilité unité, ce qui établit le théoréme concernant la limite presque certaine. 

Voici un exemple d’un cas ou X, tend vers 0 en probabilité sans converger 
en probabilité au sens de Cesaro ij 


Prenons les X, indépendants avec : 


1 
Py, (z) = ke pour z > 0 et Fy (x) = 0 pour x < 0 


X, est toujours positif et converge en probabilité vers 0 puisque : 


D 


1 š 4 Re xh 
¡E Fy, (c) = Eh qui tend vers 0 avec = quel que soit e > 0 
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D'autre part pour que X, converge en probabilité au sens de Cesaro, il est néces 
T M I 
alri n Y ^ ilité ili 
saire que = converge en probabilité vers 0. Or la probabilité pour que Mn soit in- 
VR ve 
férieure à € est: 

1 1 1 
Tess a abs (1- : mi t= : . : N T YY 

| sn) P AA qui est inférieur à | 1 — aci) et 

ne tend pas vers 1 quand » augmente indéfiniment. 


Le cas de la convergence presque complete sera donné par la suite de variables 


indépendantes X, positives avec: 


1 
Fx,fe) = 1— GORE pour z > 0 et Px(z) = 0 pour z < 0. 


La suite converge presque complètement puisque : 


EU LEM n 
1—Fx, (e) = (ne) log? On < n log? 2n 


est le terme général d’une série convergente quel que soit € positif. 
Me A Se 
» soit supérieure à € sera ici : 


La probabilité que 7" 


1 1 1 
li — lid = 
(ne+2) log? 4 ) ( (ne+n) gees 


1— (1— werte) | 


qui sera donc supérieur à: 


l " 5 " 1 
= st équivalent a --— 55 
ie (1 (ne+2) log? A q (+1) log? 2n ) 


: e "TRA 

Par conséquent M, est presque conplétement supérieur à e quel que soit € 
a 

D 
ot X, as presque com létement vers 0 au sens de Cesaro. 
et X, ne tend pas pre q p. 
e suite eonverge presque s 
nt) comme elle con 
ice presque süre entraine 


au sens de Cesaro vers 0. 
a entre ces différentes limites. 


arement vers 0 (et a fortiori si elle converge 
verge presque sûrement au sens de Cesaro vers 
la convergence en probabilité, elle con- 


Si um 
presque completémet 
0 et que la converge? 
verge en probabilité 

On voit done les 
ésultats ob 
omplét 

habituels 


differences qu'il y 
tenus montrent que 
e ne sont pas compatibles 
de la norme 


Les deux T la convergence en probabilité et 
i) H 
la convergence presque € avec l'existence d'une norme 
obéissant aux postulats 
a) |X, X = 0 
e) aX, TEE 
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b) X, Zi < P+ Y, Z 
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En effet si dans un espace normé X, tend vers 0 on en déduira : 


|| x 0 >0 


Et: | X,+,..., +X, 0 2 1 X4,,0| Se Xo, 0 deu Bei 0 
| n | 


qui tend vers 0 si X,, 0 tend vers 0. 


n? 


Donc dans un espace normable la convergence ordinaire entraîne la conver- 
genceau sens de Cesaro. 

M. Fréchet a établi (cf. Généralités sur les probabilités : eléments aléatoires) 
que la convergence presque sûre n'est pas compatible avec Pexistence d'une distance. 
Par contre il a montré que l'existence d'une distance est compatible avec la conver- 
gence en probabilité. 


ENGLISH SUMMARY 


In this paper the author gives theorems binding the 
meanings, in probability. almost certainly. almost comple 


convergence (on different 
tely) of the mean of a sample 


.M n, ` 
and the same convergence towards 0 of and S M, and m, being the maximum 


and minimum of the sample and » its size. He uses a Paul Levy's inequality. 


"Almost complete convergence" in this Paper is the same as "complete con- 
vergence” introduced by P. L. Hsu and H. E. Robbins (Proc. Nat. of Sciences). The 
author added the word “almost” because it seemed to him more adequate, A set of 
random variable X ... X,. is said to converge completely (Hsu and Robbins’ 
and “almost completely” (Dugue’s notion) tow 


ables having the same marginal laws as X,, X 


notion) 
ards 0 if a set of independent vari- 
a Converges almost surely towards 0. 

By “borné en loi” the author means that the inferior bound (for X > 0) 
tends towards 1 and the superior bound (for 


X <0) tends towards 0 when Ja] 
increases indefinitely. 


Paper received : January, 1956. 
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MAXIMUM LIKELIHOOD ESTIMATION FOR THE 
MULTINOMIAL DISTRIBUTION 


By C. RADHAKRISHNA RAO 


Indian Statistical Institute, Calcutta 


1. INTRODUCTION 


In an earlier paper (Rao 1953). the author considered minimum Chi-Square 
[m.c.] estimates and derived some of their large sample properties. Using the same 
techniques. it is possible to derive similar properties of maximum likelihood [m.1.] esti- 
ese properties seem to be worth recording. For instance, it is not expli- 


mates. and th 
w in literature what analytical properties are possessed by m.l. esti- 


citly made cle: 
mates, under the usual regularity conditions (see section 4 of this paper) on the hypo- 


as functions of unknown parameters. In fact. many proba 
š à a- 


thetical cell frequencies 
stimates are direct consequences of the conti- 


bility statements concerning the m.l. e 
nuity and differentiability of the m.l. estimate as a function of observed relative fre 


quencies. 
Wald (1949) proved, under some regularity conditions, that the m.1. estimate 


is consistent while Huzurbazar (1949) showed, under Cramer's regularity conditions 
(Cramer. 1946), that with probability tending to unity a consistent root of the m.l. 
equation provides a local maximum of the likelihood. It was not known whether at 
a root the likelihood attains an absolute maximum. It is shown in this paper 
ase of the multinomial distribution, a m.1. estimate is, with probability 
1, a root of the likelihood equation, and provides a maximum of the likelihood when 
the parameter is restricted to the roots. We thus have a complete theory of the 
method of m.l. for the multinomial distribution. No assumption is made about the 
existence of the m.l. estimate, but the existenee and uniqueness are deduced as a 


e of the regularity condit: 
ee from unnecessary complications only the one 
additional complication in the proof for the multi- 
e existence of the roots of the likelihood equation. 


such 
that in the o 


ions. 
consequent: ion 

To make the arguments fr 
onsidered. The 


ablishing th 
argument is the same. 


parameter case is C 
is in est 


parameter case à 
he rest of the 


Once this is done, t 
paper, the following scheme is adopted. First, the 
f the hypothetical frequencies of the multinomial 
egularity conditions whatsoever. Second, the 
occurring in the specification of the hypo- 
ry natural restriction on the parameter, 


In the development of this 
the m.l. estimates © 


distribution is established without any T 
consistency of the m.l. estimate of a parameter 


thetical frequencies is established under a ve 
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Third, the m.l. estimate is identified (with probability 1 as the sample size tends to 
infinity) as the root of the likelihood equation providing the maximum of the likeli- 
hood with the parameter restricted to the roots, and its analytical properties discussed. 


2. DEFINITIONS AND PRELIMINARY LEMMAS 


The hypothetical frequencies in k classes are represented by z(0). ..., 7 (0) 


and the observed relative frequencies by Py: .... p. 
Definition 1: The likelihood of the hypothetical frequencies 7. ..., m, given 
the observed relative frequencies p,....., in a sample of size n is proportional to 
== re "pk 
Lr) = T, 1 eT se (21) 


Definition 2.1: 'The m.l. estimate of the multinomial distribution is a set 


of values 7,, .... 7, (if it exists) belonging to a given admissible class A of distributions 
and for which the likelihood L(7) or the equivalent expression 


Pı log m,+...+p, log 7; m (Ey 


is a maximum when 7 is restricted to 4. 


| Definition 2.2: The m.l. estimate of a parameter 0 occurring in the speci- 
fication of the hypothetical frequencies is a value 0, if one exists in the admissible set 
of values of 0, for which 


Pı log 7,(0)4-...--p, log 7,(0) su (2.9) 
is a maximum. 


Definition 3: The m.1. equation is obtained by equating the derivative of 
(2.1) to zero, i.e., 


p, dm 


7, de (2.4) 


EK 
E TE dà = 0 


Of course. the differentiability of 7,..... m, is assumed in this definition. 


Definition 4: The maximum likelihood equation [or m.le.] estimate is that 
root (or a root ) of the likelihood equation which provides the maximum of (2.3) when 
0 is restricted to the roots of (2.4). 


Definition 5: A statistic T(p,. ..., pp) which is a function of relative frequen- 
cies only is Fisher consistent [FC] for 0 if T[n(0). ....m(0)) = 0. 
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In what follows, a neighbourhood of the point m = (z,.....7,) in the 
space of all multinomial distributions is denoted by N(z). The notation pe At) 
means that the point p = (pj. .... px) is in a neighbourhood of z = (7. .... Tt). 


Lemma 1: Let 0 be the parameter to be estimated. If 


(a) T(p,.....p,) is FC for 0, 
(b) T(p,..... pj) admits continuous first. partial. derivatives, 
then G) (pis. Pr) is asymptotically normally distributed with mean @ and 
variance 
dT y? dT? 
7 = ; — ig— = e. (2.5 
Va IS at (2035) } E Däi 
and (ü) nV (TL) > 1/1(0) ves (2:8) 


where (0) = 2. 1 ECK is information as defined by Fisher. 
need be satisfied only in the neighbourhood of the 


The conditions (a) and (b) 
f of these results see Rao (1955) or Kallianpur 


true value of 0. Fora detailed proo 
and Rao (1956). 
Lemma 2: For (ys... 


Za; = Zb;, 


a, positive and D,,....by non-negative such that 


k 


>, a; log š 20: … (27) 
" 


1 


The equality is attained when and only when a, = b; for all i. 
ar to that given by Kullback and Liebler (1951) in the 


a proof simil 
bic uid: The function log æ has the expansion 


case of continuous distributions. 


1 
log v = log 141) —(@—1Ÿ ay?’ yell, x) 


ach term in the expression (2.7) we have 


On substituting this for € 


2: a, log d SECH 


and can bez 


1 


Sall oe . ve (12) 


b, = a, for all z. 


(2.8) 


ero when and only when 


which is always negative 
141 
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3. CONSISTENCY OF M. L. ESTIMATES 


3.1. Estimation of the multinomial distribution under no regularity conditions. 
Let A be the admissible set of hypothetical cell frequencies. No assumption 
is made about this set, which is arbitrary but fixed. The object of estimation is tb 
choose one element of the set as an estimate. given an observed set of relative frequencies 
P = Un, pz). We denote a typical member of A by 7 = (Ti, = m) and the true 
value by 7° = (29, ..., 72). The m.l. estimate is that value of 7 belonging to A such 
that Z(z) is a maximum, with 7 restricted to A. 


Let us suppose first that the m.l. estimate exists at least when pe N(m9), and 


A A 
represent it by T = (Mi M). Then 


Dag < Lin) < Han … (3.1) 


A 
since L(p) is the unconditional maximum of the likelihood, while L(m) is the maximum 


when 7 is restricted to 4. By taking logarithms, (3.1) can be written as 


Ep, log 7? < Ep, log 7: < > p, log p, mn (8:92) 


It follows from the law of large numbers that (with probability 1) the first 


and the last 
sums in (3.2) tend to the common limit 23m log 7°. 


Hence. with probability 1 


= p, log 7, OX m log a? … (3.3) 
Without loss of generality we can Suppose 7} 0 for each i, in which case when p is 


close to 7°, the log D are bounded, by (3.3) 


+ It now follows from (3.3) and the fact 
that p—m" that 


=n} (log m; — log af Lan ECT 


with probability 1. This implies that z — z9 with probability 1, by an application of 
(2.8). 


Let us now consider the case where the mJ, estima 
ever close p is to 7°. In this case we can prove a more gene 
mate 7* such that 


te may not exist, how- 
ral result that any esti- 


L(r*) > c Sup L(m), 
TEA 


where L stands for the likelihood function defined in section 2, and 0 < c < 1, is also 


consistent. This covers the case where a m.l, estimate may not exist for any p but 
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a near m.l. could be chosen. Such approximate m.l. estir 1 
e À xima JL estimates 7* were first consi 
by Wald (1949). CAT 


We have the general relationships 


L(p) > L(r*) > cSup Hai > c L(m?) 
ncA 


Taking logarithms and dividing by n the sample size, 


0 


+E p; log 7j 


3 p; log p; 2X p; log z; > log ¢ 
n 


As noo and p>m we have with probability 1, 


X pi log m; — X mi log mj 


and hence by the preceding argument 7*—7° with probability 1. 
The argument employed here can also be used to establish consistency of 


estimates obtained by other methods of estimation, such as minimum Chi-square 
, 


minimum distance ete. f 

3.2. Estimation of a parameter. In general any problem of estimation can 
be viewed as that of finding the underlying distribution function as a whole, although 
this is usually done by first estimating a parameter occurring in the distribution 
nd substituting the estimate for the unknown value. A parameter is a 
a functional) of the distribution function and for purposes of identification 
that the functional correspondence is one to one. Stated as such 
the choice of a parameter (i.e. the functional) is to some extent arbitrary. While 
ssible to show in section 3.1. that the m.l. estimate of the distribution 
ongly consistent under no regularity conditions it would be of interest 
such a statement of consistency could be made about the m.l. 
ven parametric representation of the set 4 of 


funetion a 
funetion (or 
we shall assume 


it was po 
function is str 
to examine whether 
estimate of 0, where À = {n(0)} is a gi 


admissible distributions. 
The answer is in the affirmative provided the parametric representation sa- 
tisfies the following natural 


The expression 


assumption. 


Assumption (41): 


(0 
PERLE 


f discrimination between the multinomial distri- 


age amount © 
defined by 0, is bounded away from zero when 


which provides an aver 
bution defined by 0 and the true one 
[i9 —6,] > à for each 3>0. 
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To prove the assertion made we observe that for any given ó 


e IN 
inf > m(0,) lo 7%) — ¿> 0 
18—60| > 8 dis Kell 


Let 0* be a m.l. or approximate m.l. estimate. Then according to section 
3.1. we have (with probability 1) 


n((0*) 
Tr (00) 


< E 


—Y 700) log 


for all sufficiently large n. Hence [9*—0,| < 9 for all sufficiently large n. Since 
ò is arbitrary, 0*>0, with probability 1. 

It is interesting to note that no other regularity conditions are needed. The 
assumption (4,) seems to be a natural one to make since its violation would imply 
that two distributions with close values of the parameter could be better discriminated 
than those with a larger difference in the parameter which would indeed be an unnatural 
parametric representation. 


Recently Kraft and Lecam (1956) gave an example of a multinomial distri- 
bution where the cell frequencies are regular functions of a parameter and for which 
m.l. estimate of the parameter is not consistent. Iam indebted to Dr. R. R. Bahadur 
who pointed out that the assumption (4,) introduced in this paper is not satisfied in 
their case. In fact, in their example, the discrimination between two distributions 
> zero as the difference in the corresponding parameter values—co. 


It may be noted that the corresponding assumption in the minimum Chi- 
square theory (see Rao. 1955) is that the Chi-square separator 


y Lr) —m (90)? 
m) 


be bounded away from zero whenever |0—0,| > ô for any ó. 


4. PROPERTIES OF THE M.L.E. ESTIMATE OF THE PARAMETER 
We now make the following additional assumptions concerning z,(0). 


Assumption (Aj): T3(0). «+ 7;(Ü) have continuous partial derivatives of the 
second order, at least in the neighbourhood of the true value 6,. 
Assumption (Ay): (00) Z 0 for each j, and (dar[d0) 4 0 for at least one j. 
As a consequence of this assumption ¿(0,). which is Fisher's information at 
h is Z 0. 
Assumption (44): (0) = tz) for all i implies that 0 = Z, 
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— - d 
mmm Ce 
— 
: — 
SSS am —- 


\ ESTIMATION FOR MULTINOMIA L DI U NE 
IN 


Thi 'ovid D ^ d b 
his provides one to one correspondence etween the values of the parai 
t £ 7 i 1 fri i I 

er and the hy pothetical cell frequencies | 


Theorem: Under the assumptions (44) 
1): (42), (Ag) and (A4) there exi. ; 
bourhood of the true proportions 7°, say N(m) and a poni ô E Er y = 
| that pe N (n9) implies, 


There exists one and only one root À of the likelihood equation (2.4) whi 
value 0, by less than à. This root, as a function of the Ne? bci 
where it lends to 0, and is Fisher consistent TEM 


(à) 
differs from the true 
quencies. is continuous at n° 

(iù) 6 is Frechit differentiable. 

(iii) Ê is the unique m.l. estimate and is therefore in particular the m.l.e. estimat 
Je, estimate, 

Remark 1: The results (i) and (ii) are true under assumptions (Ay), (A 
ddition the assumption (A,) is needed to prove the Pe: s Š ^ 

a esu. 


and (4,) only. In a 
d is unique at least when p is close to the true 


(iii) that a m.l. estimate exists an 
value zt. It may be noted that the assumption A, implies A,. 
Remark 2: It follows from the strong law of large numbers that when 
n= m (ie, 0 = bo) 

prob. in € N(n) for all sufficiently large n} = 1. 

e assertions (i); di) and (iii) of the Theorem are valid (with pro- 
11 sufficiently large n. A weaker statement but perhaps worthwhile 
probability that the assertions (i) —(iii) are true —1 as noo. 


Consequently th 
bability 1) for à 
to make is that the 
Asa consequence of results (i) (Hi) of the ‘Theorem: 19 follows 
ptotic normal distribution with the least asympto- 
1955). 


Remark 3: 


that the m.l. estimate has an asym 


6) (see Rao. 


tic variance specified by (2: 
Proof of (1) * As pono) and 0 f^ with y; = d log 7,/d0, we have 
roof 0] V! * 
) duo. dm, Y* 
+ sa side up "` 29 D 


1 [dm =i) < 0. 
mr 0) KR : 


— neighbourhood Mr) for p and positive ó such that 


s exist: 
This implies that there Zo implies 
0 
s» Gi) 


eN and | Jà 
ii y paro) < 0. 


(4.2) 


More generally we have 
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whenever p e N(z0) and|0,—0,|< 3. The m.l. equation can be expressed as 


9 = X pafif,)--(0—6,) Epa/i0;) (4.3) 
where 0, is in (9, 00). As p—m^, the ex 
(05)/1(8;), which is « 0 for (0— 0, 
Hence when p e N(n?), X 
vanishes for some Î su 


0) > 0 and > 0 for (0—0,) < 0 provided [0—6,| < 9. 
PPO) is positive at £,—8 and negative at 054-8. 


Hence it 
ch that |Ó—6,| < 5. 


If there are two roots 0 


1 and 4, both of 
then it follows, by 


Which differ from UN 
Rolle’s theorem, that 


by less than $ 


X p(s) = 0 


where ĝ, is in (,, 02) and hence [8,—0,| < 5. 
"Therefore, there is only one root cl 
à distance greater than ó. 


This is impossible 


when p CN (m). 
lose to 0, and the others 


are separated from 0, by 


It is now Obvious that the root closer to 0 


o iS a continuous function of the 
frequencies and — 4, as pm. 


at least locally. 


relative 


Also it is Fisher consistent 


Proof of (ii): The expression (4.3) with 0 the continuous root is 
"Spaut = Ph) (00) su 


where 6 as Pi 7;(0;). 
Hence (6—6,) = =È p(0,)/ PiVi(0;) 
= pm, 


Co) 00) Ep o. 


Now consider, 


1 | ES 
SN Gee DL D ZT 0 dr; 
max|p,—z()] | ( Lars di s. o PA 


== — IPi—m(9,)| 


A 


max [p;—m.(0,)]| E 


404 1 1 d | 
STADE RES d 


D A a dm, | 
Wel EC 155) (0) dB, |» 
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as max |p;—7;(05)|—0. The function (—6,) is thus Frechet differentiable and can 
be approximated by the linear functional 


1 Pi—m (04) da; 


O4) — (0) dà, 


and hence yn(9—0,) has asymptotic normal distribution with zero mean and variance 
1/i(0,) which is the minimum attainable under the conditions of lemma 1. 


Proof of (iii): The proof consists of two parts 


(A) For any 9 such that|0—40, | <ó and p e N(z*), in which case 1805] < ó, 


Y p; log z, (0) = X p; log 7; (4-99 Xp; V; (0) < Ep; log m; (Ê) ... (4.4) 


since by (4.1), X p f; (V^) is negative. 
(B) For @ outside ]0—6,| < ô, let S be the set of 0 such that 
X(r, (On) e") log 0) < Xt; (09)--&) log 7 (05), where e is a small positive number 
such that the cube z, (0,)+€' is within N(7). Then, for @ in S and p in the cube, 
Xp, log z; (0) < Er; (69) —€ log z, (0) 
< E (m, (0o)+6') log 7; (0,) < Ep: log 7; (00). 


Now consider 0 outside |9—0,| «and S. If e' < min (z; (0,)) the quantities 


log m,(0) are bounded. Also 


(0) +3 fp, —; Il log A) s. (4.5) 


TUM n 
egy = Pm (80208. sey DC 


> p; log 


< =c+v (4.6) 


first expression on the right side of (4.5) is not greater 


i the 
s Ki Hence (4.6) can be made < 0 by choosing 


where by F 
than say, —c<0, and v—0 as PT. 
pe N(m°). Thus when |0—00| > ó 


x p, log T; (0) < Epi log al < 2 pi log m0) (4.7) 

the latt inequality being true in virtue of what is proved in (A). 
he latter i 

ity in (4.4) is 

| < ô the inequality (4.7) d 

articular it is the unique m.Le. estimate, 


7 val attained when and only when 0 = Ô for 
EL p s |0—9 is strictly true, it follows 

|0—0,| < à and outst i ‘ 
that 0 is the unique m.l. estimate and in p 
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In conclusion, I wish to thank my colleague Dr. R. R. Bahadur for the useful 
discussions I had with him during the preparation of this paper. 
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MISCELLANEOUS 


MODERN TRENDS IN TIME SERIES ANALYSIS 


By ULF GRENANDER 
University of Stockholm 


TNTRODUCTION 
For a long time there has been considerable dissatisfaction with the methods designed 
for the statistical analysis of time series. The methods are said to be irrelevant to most of 


t with in practice: one does not have precise conditions under which they 


the situations me 
e or incorrect; the numerical 


the underlying mathematical proofs are incomplet 


are valid: 
ency, power etc., is too small. Many time series 


work involved is too cumbersome or the effici 
ill agree that this criticism is at least partly true. 


as expanded at a fast rate, and more important 


the general outlook has changed basically due to the impact from various applied fields and 
because of the advances of the modern theory of probability. Therefore it is tempting to 
sum up the present situation in this field, to evaluate the techniques we have at our disposal 
and to find out if the above criticism really applies and if so what can be done to remedy 
the defects of the theory. As far as possible T will concentrate on the main ideas and try 
oing into technical details. 


analysts w 
During the last decades the theory h 


to avoid g 
d PROBABILITY MODELS 

x which varies with time. Either we measure v 

es of the time parameter ¢ in some interval or only at certain 

ay the first day of very month. We can get continuous data, yearly 

' The series of values obtained will be denoted a(t) and the 

asurements are made is called 7. We say that 2(/) is a 


Suppose we observe a quantity 


continuously for all valu! 


discrete true points, s 


data, monthly data and so on. 
ne points at which the me: 


set of the tir 
time series measured on 7. 
In statistics we deal with measurements of stochastic variables and want to use 
ke statements about the underlying probability distri- 


ents or samples to ma ° 
ase we thus € ues obtained from a collection of 
a 
ere { runs through 7’. 
hastic variable X(t) 


the whole collection of stoc 


these measurem a 
In the present ¢ onsider a(t) as va 


butions. 
(t) whi 


stochastic variables X 
dt we have à stoc 
To characterize 
s distributions. 


ñ which can be described by 
. xe A z : 
For each hastic variables we must 


its distribution function. 
e simultaneou 


e the probability distributions of X(f) and this problem belongs, 


If T is a whole interval we deal with 
if T is a finiteor denumerable set of 


also consider th 


We have to describ 3 

M lic processes. 
as is well known. to the theory of gës A rameter. 
stochastic processes with continuous time par > 


je pr s with discrete time parameter. 
M ider je processes 
alues we consider stochasti 
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To determine what classes of probability distributions we should use to form the 
stochastic processes we must be guided by the demands from the applied fields. In a 
specific case we may have enough knowledge of the random mechanism that generates 
X(t) to describe the stochastic process more or less completely. Sometimes we can state 
that the true probability distribution belongs to a fairly small class characterized by a few 
parameters. But often the natural class is much wider and involves a large or even infinite 
number of unknown parameters. From a certain point of view the latter case is typical for 
the problems one meets to-day in time series analysis. 


It will be convenient to introduce the following terminology. Denote the expected 
value of the stochastic variable X(t) by m(t), 


m(t) = EX(t). 
We then write X(t) = m(t)+y(t) 


and we may call m(t) the systematic component and y(t) the random component of the stochastic 


process studied. It is clear that we cannot decide which method of analysis is appropriate 
before we have chosen the class of probability distributions which is thought to correspond 
to the practical problem. As we shall see the probability models that have been proposed 
fall into three categories that roughly correspond to three stages of the historical develop- 


ment of time series analysis. I admit that these stages are loosely 


: defined and overlap 
both in time and logical content. 


2. INDEPENDENT RANDOM COMPONENTS 


The earlier attacks on these 


D problems were usually based upon the assumption, made 
explicitly or not, that the random 


components y(t) were independent (and may be i i š 
Le I ; y be identically 
distributed) stochastic variables. The systematic component m(t) was often given as a linear 
expression of functions known except for some parameters 


à A typical example and at the 
same time one of the most, important of these models is the following : y 


si = y À, 608 EE dd, ) (= 1,2, ... n) 


Vel 


where the amplitudes 4,, the frequencies f» and the phases $, are fixed numbers some of 
which may be unknown and the rest given a priori, uerg 


If the random co E 
supposed to be independent and normally distributed with mean value ek wana EE 
variance a”, methods have been deviced to estimate t i ët wm 


he parameters a, ious 
hypotheses. The statistic often used for this purpose is the so called Fe test variou 
i gram 


D n 


mu nn SENE 
Kf) EE (2 Y, COS Pl ES tml 2. 2 sin EI 
= =1 


Fisher’s periodogram test (Fisher, 1929) is the most widely used of these 


; ja methods. In general 
these techniques aim at detecting and verifying the true periods 1 If, 


and sometimes one wishes 
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to estime associ i e periodogram 
nate the associated amplitudes .!,. Earlier scientists had used the peri ir 
an uncritical way in their enthusiastic search for periods everywher Whe: z s 
d bc Ze E À e. jen Fisher's tes 
and related statistical tools became available a more careful analysis of data of nod 
à a this kind 


was made possible. 
Many other m d i e invente 
A ethods of this type have been in d , 
d A d ted, s: d ini y z 
some retining and generalizing 


based on the periodogram and also some dealing with other t f 
SE I ‘her types of 
Among the latter I will just mention those based on the ass yp e 3 
j m e S assumption 

inknown coefficients and perhaps of unknown degree i 


the estimates and tests 
systematic components. 


that m(t) is a polynomial with t 
It is evident that the problems sketched in this section belong to the theory of li 
he theory of linear 


hypotheses embodying analysis of variance, regression analysis ete. 


The models with independe 
It has been recognized for a long time that the basic assumptio 
as n 


of independence breaks down often when the time between successive measurements is sh 
: i ; à e s is shor 

compared to the time scale of the random mechanism. If the dependence is not negli e» 
egligible 


it can be dangerous and quite misleading to use methods valid only for the models 
r n "P d e m s assum- 
be instructive to consider the following almost trivial example 


nt random components have been used in many field 
y fields 


with varying success. 


ing independence. It may 
yt) = normal with mean zero and known variance oi. 
m(t) = an unknown constant m. 

v,. The usual estimate 


a sample ty fo +++ Un 


We want to estimate m using 


n 


j= i ` BI 


tel 


"—— TE? e y's are independent we know that 7 has the standard devia- 
Hence we can form a confidence interval for m, and this interval will have a 
f magnitude s| n. On the contrary when there is dependence, this is 

E.g. in the extreme case of complete dependence y(1) = y(2) = 
Hence, if we use the above confidence 


deviation o for z. 
a much more precise statement than what we are 


Tf th 


tion o//n- 
length of the order o 
not necessarily true. 


= y(n) we get clearly 
1 the latter case; w 


a standard 
interval ir e will make 
really entitled to do. 
Things are perhaps 
examination is necessary be 
independence is not a prior clear. 


extreme in practice but it is clear that a careful 


not quite so 
ld apply these methods to situations, where the 


fore one shou 


TE PARAMETER SCHEMES 


3. FINI 

le such difficulties other probability models have been designed to obtain 
ed on more valid assumptions. The pioneer work in this direction 

H. Wold (1938). These authors consider models, where the 
alled finite parameter scheme. It will be sufficient for our 
, the autoregressive process. 
e equation with constant coeffi- 


To hand 


methods of analysis bas 
is that of U. Yule (1927) and 
random component y(t) is à s0-C 


tion one of these 


purpose to men x t š 
Ë h a process if it satisfies a linear difference 


y(t) is suc 
cients £ 

uyt) + 1 )-+asylt—2)+ «Hay (i—l) = ll) 
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where l is calle or ig e ere S stic vari re i ndent 
li lled the order of the scheme. Here the stochastic variables É(t) are indepe 
and iden y Si y V e zer s easy to 
1 identically distributed and are usually normed to have mean value zero. It i À 


TUN are not Independent now. n fact, introducing the covariance function 
ify that t E f 1 ovd 

^ ep! 

vel hat the y's are not 1 lent 1 t trod t t 


r(s, t) = By(s) y(t), 


hich can be computed without difficulty, one finds that r(s, t) does not vanish generally 
which c: 6 3 


H ck is y d n 
i ri s were i t. In applied work / is usually chose 
£ tas it wi the variables were independen 
when s Æ t as it would if 
as 1 or 2. 


In certain applications one is naturally led to stochastic processes satisfying difference 
equations of this type. This is somewhat analogous to the traditional 


problems in physics 
which are often reduced to second order differential equations. 


Of course it must be very important to be able to disting 
stochastic processes which have independent random components 
type. For this purpose a collection of methods were designed mai 
1940's beginning with the papers of T. Koopmans (1942) and R, L. Anderson (1942), 
Techniques of a somewhat different kind were developed by Quenouille and H. Wold (1949) to 
test whether a given time series belonged to one of the finite parameter schemes. Finally 1 
should mention a great deal of results on the sampling distribution of various statistics to 
be used in relation to these schemes (M. S. Bartlett, 
this direction and important investigations with bearings on the finite parameter schemes 
have been carried out the last years. 


uish empirically between 
and those of the present 
inly in the U.S. during the 


1946). Much work is going on in 


In spite of these achievements som 
It is not clear, it is argued, that the fir 
tural class of processes for the applicat 
tain sense that a very wide and im 
as one might wish by finite 
to believe that 
mation. 


e criticism has been directed against this approach. 
nite parameter schemes constitute the c 
ions one is interested in. 
portant class of processes can be approximated as nearly 
parameter schemes of high order, o 


ne does seldom have àny reason 
u 


gh to get a reasonable approxi- 
The supporter. 
e 


orrect and na- 
Although it is true in a cer- 


a scheme of the first or second order is enou 
Why not start instead from this wider class ? 

out that by restricting one self o priori to these low ord 
himself in a situation similar to that discussed before : he 
than those he is really entitled to make. In other words 


does not have, he gets an illusory feeling 
sions. 


8 of this idea point 
schemes, the Statistician places 
is making statements more precise 
by using information that he really 
of Security when he draws his Statistical conchi- 


4. MORE GENERAL MODELS 


mi: i St extensively so far 
a process is said to be stationay i i h 

; i Es ange with ti 
80 that its probability depend upon absolute time / à "s 
differences, Hence y(t) i 
of 4, 


80 on for several 
knows that the 


| 


of H. Cramér (1 
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this has to be investigated from case 


random mechanism behaves in a certain invariant way: 
a process of transient 


It is clear that even a stable random mechanism can generate 


to case. 
babilistic equilibrium is reached after a sufficiently long 


nature although in many cases a prol 
time. 

Although the stationarity assumption restricts the applicability of the model to a 
probability distributions is still very large, too large for 
been studied, and for convenience I will only dis- 
distributed, but much of what I say is 


great extent, the class of its possible 
Various subelasses have 


many purposes. 
are normally 


cuss those stationary processes which 
applicable much more generally. 

a normal probability distribu 
i) has mean va 


As is well known tion is completely characterized by its 
moments of the first and second order. ( lue zero and its covariance function 


r(s, t) depends only upon s—t so that we can write 
r(s, t) = R(s—t). 


ow R(t) for all values of t then we know the probability distri- 


In other words if we kn 
stimate R(t) and construct confidence regions, 


bution completely. From a sample we can € 


at least when the sample is large. 


While the approach via the 
not exclusively by applications to econo’ 


of have been developed mainly to solv 
se contexts it turned out that the quantity 


finite parameter schemes has been influenced mainly but 
he social sciences, the methods I now speak 
e statistical problems in the physical sciences. In 
of immediate interest was not Rit) 
ne so called spectral distribution function F. According to a famous 
e e.g. J. L. Doob, 1953) there is a function F(A) with all the 
tion except that F(co) is not 1 but equal to R(0) = EY) 


mies and tl 


many of the: 
but a related function, tl 
theorem of Wiener-Khinchin (se 
properties of a distribution func 
and such that 


Í cos tAdF(A)- 


0 


RW) = 


i „ameter when ¿runs through all real values, 
We ar ; “ing of the case of a continuous par ) Es 
sung WE 1 according to H. Wold (1938) 


but in the discrete case one has insteac 


Í cos tAd.F(A). 


o 


R(t) = 


), and the converse is also possible 


js known we can calculate Rit 


n formula. 
tion is made clearer 


ribution func 
stationary process y(t) 


Hence if the function F(A) is 5 

through the use of an inversio 
ral dist 

The role of the spectral ¢ 

942) which asserts that any 


by an important theorem 
can be represented by an 


expression 
e 
yo = Í sin maz (0 | cos tAdZ,(À) 
0 
H 
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where Z,(A) and ZA) are stochastic Processes with the properties 


(ü) BZA) = EZ) = 0. 

(i) ZZ(J)Z(u)— 0, the two processes are uncorrelated. 

(iii) EU (As)—Z,(A)Zq(Ay—Ag)] = 0 if the two intervals (Ay, À) and (A, Àa) are 
disjoint; the analogous relation for ZA). 


Gv) PZ Su = EIZA) ZU)? = FA) F (A) for any À, < A, 


iled diseussion of how the above Inte 


grals should be 
> heuristically Speaking, the process is decomposed 


Stochastic amplitudes AZ,(A) and AZ,(A) respec- 


e amplitudes in given by their variances 


var (AZ,) = var (AZ,) = AP. 


In many context a varia, 


nee can be interpreted as average power; 
physical meaning which 


a quantity of immediate 
can be measured directly. 
It is then natural t 


d 
JA) = da FQ). 


on in this direction. It is 
n this branch of theoretical 


his has influenced the deve- 
al usefulness of 


the Suggested methods. It 
Periodogram in Modified form reappears in this context, 


nknown function such as FA) one asks 
Tegions of the type 


PEA) < FQ) < PALA) for all À. 


M. Rosenblatt (1953) where large 
A group of problems of 
unknow: 
process. The classical 
can be obtained (See 
and the degree o; 


hen we want to estimate 


small samples has not been th 
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It is impossible to discuss or even mention all the recent contributions. Many of 
WE H : H H : < SCH 
are published in non-statistical journals and are not always easy to locate. In af m oni 
a ' des Ë : a forthcomin 
nograph Dr. M. Rosenblatt and I will present these-methods in a more systematic ` 
yst manner 


and discuss their applicability. 


5. THE PRESENT SITUATION 


Even this short resume should be enough to show what a wealth of methods that 
are 


now available in time series analysis. To find out the relation between them we shall exami 
xamine 


the three main groups of models. 
The first, with independent random components, has been severely criticized in th 
: : DEER? D H e 
literature. that this criticism is directed more against certain uncritical 
applications of them than against the methods per se : they are correct and sound und 
the appropriate conditions. After all, these techniques and models belong to the iras] 
o 


set up in theoretical statistics. 
ond group, the finite parameter schemes, it is the same thing; 


the methods are valid in a certain domain and the question is only if our information 
collected earlier empirically or deductively enables us to state that the probability structure 
is of this particular type. 


Tt is clear though, 


With respect to the sec 


y contains methods of great generality and applicability 


dus Gent nom ad më to forget that they too are designed for certain wide but limited 
The indiscriminate use of these techniques will be as danger- 


classes of stochastic processes. 
ous as to apply one of the earlier methods outside their domain of validity. 


The third group finall 


ty assumption, (of the random component) which is often 
nient for the theoretician. While it is fairly well established 
1 sciences, one suspects that e.g. economic time 
mechanism. At least this cannot hold over long 


Take e.g. the stationari 


made and is so temptingly conver 
in certain problems arising in the physica 
series seldom are generated by a stationary 


time intervals. 


And how about 
As soon as we do n 


the assumption of normality or other similar but more general 
ot have a priori information on this question, we are in a 
mpirical verification presents a complicated theoretical problem 
lot of observations. What we need is possibly a test or, more 
probability distributions with confidence regions. 


mon to most of the recent developments is that a large 
d to compute the statistics. When large scale or routine 
e series, this may not be so serious, since electronic computers 
current use have proved well adapted for this purpose. It 
time series should be analyzed, so that it is unpracti- 
cal problem. Then one would need some con- 
little of such possibilities. 


conditions. 
difficult situation since e 
and at any rate demands & 
likely, a way of estimating the 
aspect conr 


An unpleasant 
is neede 


amount of numerical work 
investigations are made of time 
and punched card calculators in 
is much worse when just a single or a few 
cal to devote time to the coding of the numeri 


re know very 
venient short cut method, but at present w y 
ime series analysis has been done to invent rather general 


t work in tir : : 

d Sai n ma A The gain we get in extending the validity must be 
tans e Ce CN of power or efficiency. Or more precisely: if one of these methods 
pensated by , ple probability distributions form a more restricted 


is applied to & situation where the poss! 
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'ecise st nts as if we had 
class, then we can expect that we will not be able to make as precise oa ew 
a plied a technique specially designed for this latter class of Des If ; CEPA 
Sn or high precision in our estimates, quite long time series wi , re Tie een 

tively a fair number of shorter series. In connection with this it may be poi 
na € s 
most of the recent work is of a large sample character, 

As we have seen the three 
to different practical problems. 
lysis, it is evident that much has 
factory shape. 


oups of d t x: :orrespond 
grou models complemen each other and corre pe 
H Zres; S be ü i ime series ana- 
Although much progress has been made in t Zë "à 
etore ry ec e sai Je in a satis- 
to be done b fore the heory can be said to 


The present fairly general approach to time series 
by the lack of suitable families of stochastic processes defi 
plications. Therefore the 1 
probability models. 


analysis is somewhat hampered 
ned to fit the demand from the ap- 
bs that of more realistic and flexible 
applications : close contact with the 
8 of stochastic processes that are well fitted 


techniques mentioned in Section 4 is un- 
doubtedly due to the fact that they are founded on models with a sound deductive background. 
Instead of just trying to fit a model mechanic. 


ta. one should seek one based 
on à more Penetrating analysis, 


to the knowledge we 
concepts may be helpful for this c 


under investigation. Causal 
topics can be found in 


sion of this and related 


It seems likely tha, 


Satisfied with approximate methods. 


id exactly for 


are interested in. Tn the light of what has be 


the perfectionists 
power in the analysis, T} 
towards abstract methods, 
in that problems with a 


esigned. This is so 


(and perhaps the main o 


statistics is used in practice. We all know how 
and analysis of Statistical investigations, 


> usually ' 


Y 


— "2 


es 
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increases, as has happened in time series analysis and which is likely to go on, 
be more careful with the mathematics. There are examples in time 
rs of this kind have led to misleading or erroneous results. 
te the role of intuition in scientific work, but we should be care- 
if and when it works. It is 
s on the logical basis for 


then one has to 
series analysis where erro 
I do not want to underestima 
ful before offering a new statistical technique, so that we know 
only a simple act of intellectual honesty to apply the same norm 
theoretieal work as when we criticize the subject scientist for his defect statistical reasonings. 
We have all met the holier-than-thou attitude among some statisticians towards their col- 
Furthermore a correct mathematical proof interpreted in the right 
he range of the methods: proofs are not a luxuary but can 


Also let us note that the practical statisti- 
validity of 


leagues in applied fields. 
manner tells us a good deal about t 
actical things. 
pirically verifying or falsifying the 
in which the statistician can do this is 
and cumbersome to do in time series 


and should be used to tell us pr 
cian does not have the same possibilities of em 
s does e.g. the physicist. The only way 


his method a 
This is quite costly 


by artificial sampling experiments. 
analysis, at least that is my experience. 

of considerable importance. how to use 
of prediction due to Wiener-Kolmo- 


the case when we have observed 


ss briefly another topic 
The theory 


It is designed for 
(D) up till some time t. We want to 


y(t--h). This beautiful theory 
blems it cannot be used since 


I would like to discu 
time series for the purpose of prediction ? 
iener 1949) is well-known. 
the one we have denoted by y 


ocess at some future time point, 


but i many practical pro 
wn systematic component m(t) super- 


gorov (see W 
a stationary process (say 
prediet the value of the pr 
has many important applications, 
either y(t) is not stationary or because there 
imposed on the observations. If we do not ha 


we may be unable to describe m(t) closely enough. 
| tool sis might lead to disastrous results. 


is an unkno 
ve a good idea of the underlying mechanism, 
This is certainly a case where overenthu- 


siastic use of existing ls of time series analy 
asting in fields like economics, demography 
>n does not lie only in a refined statistical treatment 
f the generating mechanism must be collected so 
e terms. Statistics does not 


Situations like this exist for long range forec 


It is clear that the solutic 


ation on the functioning o 
n be described in more precis 


stitious belief in it. 


and others. 
but more inform L 
that the structure of m(t) and y(t) ca 


work miracles just because there 18 a super 


6. CoNOLuSIONS 


ml would put the emphasis on the following items : 
gi 


h with the practic 
of stochastic models, 


ies analysts and the 


Summin 
al demands the time seri 


ing in touch E 
ing In based on more realistic 


(i) Keep 


probabilists together must inv i 
out the underlying 


the appropriati 
east large an 


ent new classes 
mechanism. 
e models statistical n 
ample size. 
e given to the nee 


nethods should be developped, 
The validity of the ap- 
d for simpler 


assumptions ab 


(ii) Starting from 


for at ! d moderate s: 
or 


on should b 


which are applicable "icd. Attenti 

proximations should be exam 

uL tigations should be based on a rigorous logical and mathe- 
:eal investigó 


(iii) The theoret 


matical foundation. D 
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A CLASS OF TWO-DIMENSIONAL RANDOM VARIABLES AND 
DISTRIBUTION FUNCTIONS 


By H. S. KONIJN! 


University of California, Berkeley 


SuMMARY 


This paper considers some properties of the class of two-dimensional random variables 
which have been obtained by rotation of two independent random variables and of the 
corresponding class of distribution functions. Normal distributions play a distinguished 
When second moments are finite. the case of equal variances 


role in this class of distributions. 
gger variance than the other or a smaller one 


and the two cases of the first variate having a bi 
are considerably different. Thus, in the first case the correlation among the rotated variables 
is zero, whether the variables are dependent or not (excepting a rotation by-£45°); in the 
latter two cases the correlation vanishes only when the variables are independent and the 
correlation coefficient and the rotation angle are monotone functions of each other, the sense 

Provided the angle rotation 


depending on the sign of the difference between the variances. 
further rotation cannot change the threefold classifica- 


is and remains different from 445”, 
amine the consequences of and the conditions for 


tion here given. It is also natural to ex 
of the distributions of the variables involved. 


symmetry 
1. INTRODUCTION 


independent random variables with joint distribution F, and marginals 


For Y, and Zo 
alities) 9] < 7/4, let Y, and Z, denote 


G and H, and (to avoid trivi 


Y, = Yo cos 0+2, sin 0, 


Z=- Y, sin 0+ Zo cos 0, 


n of Y; and Z,, and R [Fo] the class of distributions thus obtained. 
alternatives to Fy, one can consider the class obtainable by rotations 
[decreasing] the correlation, provided the correlation coefficient exists 
and is not identically zero; then one may, if desired, distinguish potetionally R+[F,] and 
R-[Fy. (In contrast to the angle of rotation, the correlation coefficient does not depend 


on the scale parameters of the marginal distributions.) 
ties of R [Fo] for their intrinsic interest: the local asymptotic 


alternatives in some union of classes À [Fo] 


F, the joint distributio: 
In the case of one-sided 
in a direction increasing 


We here consider proper 


power of various tests for jndep š 
(Konijn). 


has been examined elsewhere 
PA 
y of Sydney, Australia. 
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2, ROLE OF THE NORMAL DISTRIBUTION 


Its role is brought out by Theorem 2.1. 


Theorem 2.1: For 0 £0, F, is either normal with p = 0 and a?4Y,) = aè (Zg): or 
Y, and Zy are dependent random variables. 


This is an immediate application of Theorem 2.1 of (Konijn). 


3, CONSEQUENCES OF EQUAL OR UNEQUAL VARIANCES 
The next two propositions differentiate the cases of equal and unequal variances 
of Y, and Z,. 
Theorem 3.1: Let 0 <o(Y,) = o(Z) = 0 < co for some 0. If either 
(a) |0| alt, or 


(b) o(Yg. Zo) = 0: then o(Y) =0(2) = z und p(Y, Z) = 0 for all Y and Z having a 
joint distribution Fe R|Po); while if 


(9) af Zi) #0. 
then 101 = nj4 und oi Yo) Z (Zo). 
Proof: If p(¥g, Zo) = 0. 
AY y) = o*(Yy) cos? 0--o2(Zo) sint0—0(Y y) oi Sal (Yo. Zo) sin 20, 


which equals ot, and similarly 62(Z,) = 07. 


So for Fr cRU,], AY y) = oU Yo) cos?0'--a*(Z,) sin20' = o°, 
and (Zy) = o°, 
and an, Zg) = (20%)-{o*(Z,)—0°(Y,)} sin 20’ = 0, proving (b). 


Now 0 = cov (Yo, Za) = e*p(Y g Zp) cos 20401 Y y) 02), sin 20 
= p(Y y, Zo) cos 20 
implies that gl fa, Zj) = 0. when |] 4 7/4, so that also (a) and the first part of (e) are proved. 
If 0 = nl, 
AY y) = o?—6?p( Y p, Z) sin 20 = a*(1—p(Y,, Bal, 
AZ) = at--a?p( Y, Zp) sin 20 = o%{1+p(Y,, Bali 
if 0 = dE 
DAY) = o%{1+p(Yq, Zell, 
OZ) = LAY gs Ze ` 
Theorem 3.2: Let 0 <o(Y¥,) < a(Zq) < olor al > gl Ball for some 6. 
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(a) 101 4 alt, and tan 20 = Zut Yg, Lp) & (Yo) © (Zp) Ko? (29) — c° (ali: 


and p(¥ g; Z) = 0 implies 0 = 0. 
f (b) e(Y) < o(Z)o(Y) > 0(2)] for all Y and Z having a joint distribution F eR[P y] 
different from an F°, and o(¥) = o(Z) for Y and Z having for joint distribution an F^. (Here 


F° denotes the elements of R [Fy] for which 101 = 7/4.) 
(e) p(Vqr, Zo) =p and 0" are increasing [decreasing] continuously differentiable 


functions of each other for 


0 <p! < (eZ) ALMA AA 


AZ) Y y) cos 204+2p(Y y, Zo) Al Y y) o(Z,) sin 20 , 
= SAA CES Je and 0 < ?0' < m[4 . 


[0 <p’ < EN) -TDZ and 0> 0' > 118 
in RE], and Br the mirrored ranges in R-[Fo].. The Junctions vanish at 0' = 0 and p' = 0. 
Proof: 101 # alt, since otherwise we would have 


AY) = Mot Fo)-+0%20)} = 029) 


contrary to hypothesis. 
The rest of (a) follows from the relations 

0 = cov (Yo; Zo) = cov(Y,, Lp) cos 20—}{0%(Z,)—0%(Y,)} sin 26. 

To prove (b), let o Fal = 9» o(Zp) = 20, p(Yq, Zo) = P- 

Then o(Yo) = cos 29-a? sin*0—ap sin 20}, 

oZ) = o° {sin20--a cosü-Lap sin 20). 


0, so that a? (Yo) < (Zo) if æ > 1 and 00 > 0, 
Suppose first that 2 > 1; then it follows from the 


Since |0] < n4, cos?Ü > sin? 
, p0 > 0, so that g(Y,) < o(Zo), and hence for 


(Y) > do) ita < 1 and p0 < 0. 
formula for tan 29. that, whatever be p 
any 0 with |0'| E vits 

AY y) = PY.) cos0-+o2(Z0) su < o°( Y.) sin#0'+0%(2,) cos!ó' = 02). 

quo 1 

When g <1, wg < 0, so that oo) > 020) and oi Pal > eZ). 
On the other hand, ALA Yp) = 40420) 0 Y) cos 20° 

10) = 7/4. 


y if and only if 
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In the intervals indicated under (c) we find 


p' = Mo*Z,)—o*(Y y) sin 20 | sz —7* Y) sin 29°) 0% Ted) 


20(Y0) (Zo) 


=j 
mpy, 
a*(Zy) —0%Y 0) eg 


sin 20' = 


where we can, if desired, express ol Fal and o(Z,) in terms of oi Fo, c (Z5) and (Yo Zo). 

ATA yt 
So dp'|40' = {0%(Z,)—0°( Y )ye*(Y JO (Zo) cos HOZ) 0 Y y) sin 2004 Yolo (AT, 
which, by (b), for |0'| < m/4 is positive when o ad < o(Z,) and negative when 
ot Pal > o(Z,), and which for 10'| = 7/4 is zero; and 


dër der = (1—p'2)7* sgn {o%(Zy)—0*( Y )}o(¥ o)o( Zo) HZ) AY PARLA Fin) 


which for [p'| < Joä Sal 22 Fall oi Sal - 9*(Y,)) is positive when c(Y < 0(Z) and 
negative when ot Fal > 0(Zp). 


An immediate consequence of Theorem 3.1 and Theorem 3.2 (a) is : 
Theorem 3.3: Let the variances of Y and Z, be finite and positive. Then, for 0 0, 
PY y Zo) = 0 if and only (ot Fal = o(%). 
4. SYMMETRY 


The following propositions connect relations between the distributions of Y, and 
Z, with relations between the distributions of Y, and Z, in case of symmetry. "This is 


sometimes useful in applications; in any case, it seems natural that symmetry should play 
a role in the study of rotations. 


Theorem 4.1: (a) A necessury and sufficient condition for the existence of constants 
a and b such that the distributions of Yy—a and Zy—b be equal and symmetric about 0, is that 
®, the joint characteristic function of Y, and Zo, satisfy 
H(t; t) ich h) exp {(c sin 9-+-d cos 0) ity+(c cos 0—d sin 0)it,), 


where c = a+b, d = a—b. 


(b) Zf there exist constants a and b such that the distributions of Y,—a and Z —b are 
equal and symmetric about 0, the marginal distributions of 


Y,—a cos 0—b sin 0 and Z--a sin 0—b cos 0 


have the sume property. 
Proof: Let ó and yr be the characteristic functions of Y, and Z,, then 
glt) = glt cos 0, —t sin 0), Y(t) = P(t sin 0, t cos 0). 
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IF it, £9) = @(—t ti), 
P(t) = (t cos 0, —t sin 0) = (t sin), 0, t cos 0) = Y(t), 
and di = «(t cos 0, —t sin 0) = a(—t sin 0, —t cos 0) =y(—-t) = (1). 


Conversely, since H(t, te) = P(t, cos 0—1, sin 0) deit, sin 0H, cos 0), 


and consequently P(—ta, t) = ó(—h sin 0—t cos 0) yr(t, cos 0—t, sin 0), 


we have, if A(t) = Wit) = v(—t). 
(ty, to) = D(—la, t1). 
All other stated results are now immediate. 


If Y, and Z, have the same normal distribution, but are correlated, |0| = 7/4, 
but (Yy—EY)/o(Y,) and (Z,—EZ,e(Z,) have the same normal distribution, For all 
other cases we are often (Konijn) interested only in the case of small |0], so that the follow- 
ing proposition may be useful : 


Theorem 4.2: Let G and H be distributions for which the moment problem is determined, 
hich the marginal distri- 


let Fy cR[GH], and |0| < zá. If there exist constants a and b for w 
butions of Yy—« and Z,— are symmetrical about 0 and equal, then there exist ap and b, for 


which G(t—do) = H(t—bo): and G is symmetrical about ap. 


EY,—a = EZ,—b = 0, 


Proof: 
so if aa = a cos 0—b sin 0, 
by = a sin 0+-b cos 0, 
we have (Y 00) = E(Za—b) = 0. 
Suppose that for 0 < h < k+1 


EY 4)” = E(Z 09)”, 


A = E(Zo—bo)"* = 0. 


Then the equality of 
214-2 ) ET 500) #422" El Z, bo^ cos 22-2 0 sin 2ng 


xti 
El Y Yue = ( 2h 
ha 


k+l 
2k+2 ` p )2k+2-2h — Yh costet2-2h 0 sin 9^ 
and EK 2h LZ b yer? E(Yo— 4o)” cos Osin * 0 

Si 
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guis (EL aert E(Zy—b,)****)(cos*h:* 0 —sin*F** 0) = 0, 
80, since 101 < 7/4, 
DI, aert = BUS byte. 
Moreover, we obtain the expressions, š 
0 = E(Y,—ay* = E(Y ag): cos 23 0-- E(Z,—b,)? 5? sin 243 f). 


0 = (ZE = — BY ¿ap 379 sin 28 0-4 D(Zo— bn) cos 2*9 0, 


which, since eos2(R+3)9__ sin?+90 + 0 (except in the case 0 = 0, when the result is imme- 
diate), gives 


feat = Bab = 0. 
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CAPITALIST EVOLUTION IN THE LIGHT OF KEYNESIAN ECONOMICS! 


By NICHOLAS KALDOR 
King’s College, Cambridge 

Tt was a great pleasure for me to receive an invitation to give a lecture to the Eco- 
mies Faculty of the University of Peking. I feel greatly honoured by this invitation ac 
e to contribute to furthering the free communication of ideas 
I am on a sabbatical year's leave from the University 


of Cambridge and since leaving England have already given a series of lectures at the 
University of Delhi and also lectures at some other Universities. After leaving China 
I shall deliver some lectures at the Waseda University of Tokyo, and before 1 ue e 
Cambridge I shall also fulfil lecturing engagements at the Universities of Columbia and Har- 
vard in the United States. The very variety of the ideologies prevailing in these different 
Universities provides à challenge to attempt to reduce differences in modes of thought by 


the common intellectual process of | 
Nothing brings home to one so much 


different peoples as a jou e globe by air. 
become on which we all live. It is inevitable that for a long time to come the world shall 


be divided between two political systems, or twi 
and of the capitalist countries, of the “old” and of the “new” democracies, or whichever 


other expression we may prefer to employ in thi 
Nothing but good can come from attempts to learn to know and to understand 


each other’s points of view. Whatever the differences, we simply cannot afford to Dü 
ignorant of each other’s thoughts, ide For it is a basic trait in the human 


character that ignorance breeds fear, 


therefore to have been given this opportunity 
T am very fortunate also in having found such an admirable interpreter in Professor Hsu 
À d : 


a friend and a graduate of my own University. As an interpreter he may have to explain 
to you ideas with he may not be in agreement. If so I hope he will express his 


own views in the st 
idering how near 
8 regards each other's situ 
10 sincerely believe that the people of 


on, and live under extremely harsh economic conditions. Although I have 
a short time it did not take long to discover that all this is nonsense. Even 
yes; one can observe how people 


k the language one can look into people's e; 
around and how they behave generally; and it seems evident to me 


provides an opportunity for m 
among the different parts of the world. 


ogical reasoning. 

the need for mutual understanding between 

irney around th Tt shows how small our planet has 
as 


o ways of life, of the Communist countries 


s connection. 


as or situations. 
and that fear breeds hos bility yi 

a ; : hostility. I am very grateful 
to promote the free communication of ideas 


which 
1bsequent discussion. 
we are to each other 


ation and prospects. 
China labour under a sense of frustra- 


geographically it is remarkable how ig- 
g 


Cons 
In my own country there are 


norant we are à 
many people wh 
tion and oppressi 
only been here for 
if one cannot spea 
work, how they move 


eking on 11th May, 1956. 


sorod at the University of P. 
tment of Political Economy of Peking University 


1 A lecture deliv 
o the Dean of the Depar 


The author is indebted H 
for permission to reprint this lecture. 
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that the people of China do not feel oppressed and miserable — on the contrary, they are ex- 
periencing a great outburst of national energy and vitality, and they set about the task of 
economic development with zeal and enthusiasm. In fact, as far as I can see, nothing can 
stop China from becoming in a generation or so, one of the greatest powers, and from deve- 
loping her human and material resources to the point where the standard of living of her 
600 million inhavitants — who by that time will more likely number 1,000 millions — will 
approximate to that of the most advanced countries of the world. 


My purpose here today however is not to talk about China but about the capitalist 
countries. For my feeling is that the misconceptions prevalent among you concerning the 
state of affairs in capitalist countries are of the same order as those which exist in the capi- 
talist countries concerning China. I may be wrong, but I certainly received the impression 
since I arrived here that it is widely believed that in capitalist countries there is stagnation 
(or worse) and not progress: that the standard of living of the masses is falling and not rising. 
and that the capitalist countries are inevitably heading for some tremendous economie crisis 
—that the capitalist system of the Western countries must inevitably collapse sooner or later 
under the weight of its own inherent contradictions. 


If these views are held, I am sure that they are false. Tn the successful capitalist 
countries of Western Europeand North America — in the countries that is to say, 
capitalist system has successfully replaced the precapitalistie modes of produe 


level of production, the general standard of living of the worker 
“has been rising for at le 


where the 
tion—the total 
8 is rising year by year, and 
ast the last hundred years or so. In fact the rate of improvement 
of the last decade was at least as great, if not greater, than the average rate of improvement 
in the previous nine decades. Tt is true that in a capitalist economy economie progress 
though continuous, does not oceur in a smooth manner from year to year—it is subject to 
fits and starts, to periodie fluctuations known as the trade eycle. But the most important 
feature of capitalism. which distinguishes it from pre-capitalistie societies is its technical 
dynamism. the continuous improvement in methods of production as against the unchanging 
techniques of peasant cultivation and handicraft production. Not all countries experience 
this process of a successful capitalist evolution —in many areas of the world, like South-East 
Europe, the Middle East, most of Asia and the greater part of Africa and Latin America, 
capitalist development has never got properly going and the capitalist sector remained con- 
fined to a small segment of the economy. Tt is certainly a most intriguing subject for inquiry 


(but one whieh cannot be gone into here) just why the capitalist mode of production spread 
so fast in some societies and not in others. 


Tt is true that even in countries where the stage of capitalism has Successfully estab- 


lished itself, capitalism does not necessarily secure the full employment of labour 
it does tend to raise the earnings of workers in proportion to the rise in out 
In fact the proportionate rise in productivity and in real wa 


; even though 


put per man. 


ges, the historical constancy of 
the relative shares of capital and labour, is one of the remarkable features of capitalist evo- 
lution. Contrary to Marx's own analysis, in developed capitalist Societies the rea] earnings 
of workers tend to rise automatically with output per head. This rise in the standard of 
living of the working classes does not in itself imply a reduction in economic inequality: 
for the richesse of the biggest capitalists rises at least as much as the general standard of living. 
There is no automatic tendency towards a more equal distribution in the ownership of pro- 


perty in the course of economic progress. 


CAPITALIST EVOLUTION IN THE LIGHT OF KEYNESIAN ECONOMICS 


Unemployment, fluctuations, and growing concentration in the ownership of 
perty, are not, however, in my opinion, inevitable features of capitalist evolution 7 Th eg 
to the work of some economists and notably to Keynes, we know far more about the e? - 
nics of capitalist evolution than we did even a decade or two ago; and we are now i a be 
able public controls, according to a desired pattern. Western Socia- 


tion to mould it, by suit 
ogenous forces of human society in 


lists like myself believe that men can control the end 
much the same way as through science we can control the forces of nature. We believe 
that with suitable controls we can secure continuing full employment, a steady development 
and the gradual reduction in economie inequality at the same time— 


of productive forces 
change in social and political institutions which could 


without any sudden or revolutionary 
be viewed as a liquidation of capitalism. 
alism involves ever widening economic crises and 
' course derived from empirical observation— 


it could not have been. It is based on the theoretical analysis of the workings of capitalism 
by Marx, which was elaborated mainly in the sixties and seventies of the last century. Per- 
ught to make it clear at the start that I myself regard Marx’s economic theory— 
f was a further development of an extremely powerful tool 
chanics of capitalism 
Where Marx and I differ—if 
er evolution of c 


The view that the progress of capit 


that the system must finally collapse was not of 


haps I o 
which itsel 
for analyzing the me 
to a capitalist society. 
rreverence — concerns the latt 
he capitalist stage 


Ricardo's model — as 
at the stage of transition from a pre-capitalist 
I may use such an expression without 
apitalism, after the transition from the 
had been completed. In my view Mars e predictions 
mistaken in some very important respects. It is true that one of his 
ation of production in the hands of a few 
But his associated prediction that this process involved 
a small class of exploiters and the vast mass of 
sening of the living conditions of the working 
oletariat"—proved wholly inaccurate. The 
of capitalist evolution has not fallen but 
the Scandinavian 


undue i 
pre-capitalist to th 
concerning this were 
concern: 
s—proved accurate. 
llization of society between 
panied by the steady wor 
“jmmiseration of the pr 
ariat in the course 
tries like the United States or Britain, or 
tries it has trebled or even quadrupled since Marx’s day — especially if hours of work 
aken into account, It is no accident that the revolution leading 
etariat has come about not, as Marx predicted, in the countries 
but in countries where the capitalist mode of pro- 
Marx’s theory it should have been inevitable 
of Western Europe and 


ing the increasing concentr 


predictions 
large concern 
the steady erysta 
the exploited, accom 
classes — the so-called 
standard of living of the prolet 
has substantially risen. In coun 


coun 
ag well as earnings are t 
ctatorship of the prol 


to the di 
age of capitalism, 


of the most advanced sti 
duction has not properly established itself. On i 
that the proletarian revolution should first arise m the countries 


: F1 Pussig ü H a. 
North America, and not in Russia or Chin 


Just what is the expl 
al facts in order to re 
certain way and why they do not hap 
edicted them. Without a theoretical 
are merely groping in the 
sms that can be broug 


elopments ¢ It is not sufficient to appeal 
We want to know why things 
pen in some other way—in the way in 
scheme which is capable of explaining 
are unable to assess the true 


anation for these dev 
to historic fute a theoretical scheme. 
happen in a 
which Marx pr 
historical developments we 
significance of the factual critici 
My purpose in this lecture therefore is not to Ci 
an alternative theoretical scheme concerning the Ke 
based on Keynesian economics. In order to show just w be 
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riticize Marx but to present to you 
of evolution of capitalism which is 
re the important difference between 
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the two kinds of theory lies, it is best, I think, to start with the Marxian scheme with which 
you are already familiar and to focus attention on the precise points at which the two 
theories part company. 

Let me therefore start with a resumé of Marxian theory. L think the three most 
important features of Marx’s theory of capitalism are as follows : 

(i) that the wages of labour are determined by the cost of reproduction of labour— 


the nec ry minimum subsistence of the labourer—while the surplus of 


wues to the 


production over this minimum or subsistenc 


consumption ac 
capitalist in the form of profit. Profit is thus a residue between output per 
man and minimum consumption per man: 

(ii) that the supply of wage labour in the market always exceeds the demand 


for wage labour; the excess being the reserve army of labour which is essential 


to the functioning of capitalism; 

(iii) that as a matter of competitive necessity (at any rate in the competitive stage 
of capitalism) the profits of the capitalist are largely re-invested or devoted to 
accumulation for a capitalist who does not continually re-invest his profits 
and thereby expand the scale of his business, will fall by the wayside in the 
competitive struggle, 


The share of profits in output is thus determined by “surplus value"— the difference 
between the product of labour and the cost of labour. Thus if a worker required four hours 
work to provide for his own subsistence and the length of the working day is 10 hours, the 
ratio of profits to wagesisas 6:4. Or, writing P for profits, Y for total income (or production), 
C for the subsistence cost of the labourer, L for the labour force, and SV for surplus value, 


SV = Y-CL 
P_ gv 
Y ^ SV+CL — (1) 


CL being identical with the “variable capital” of the community. 


Marx regarded the co-existence of (ii) and (iii) as one of the basic contradictions 
of the capitalist system—the search for more profit destroying the basis on which the profit 
system is built. This is because the demand for wage labour depends on the accumulation 
of capital. As capitalist enterprise expands through accumulation, both the demand for 
labour and the supply of wage labour expands, the latter on account of the break-up of pre- 
capitalistic units of production. But in time as accumulation proceeds faster and faster, 
the demand for wage-labour must also increase faster and faster; hence it must sooner or 
later over-take the increase in supply, and thereby extinguish the “reserve army". When 
this happens, wages rise and profits fall since the factor which previously tied wages to the 


subsistence level—the e s of job-seekers over the number of jobs available—is no longer 
present. When the capitalists are obliged to bid against one another in order to obtain 
labour, wages rise and profits are wiped out. This causes a crisis which goes on until the reserve 
army is restored again through the adoption of more labour-saving methods of production 

` Se i sition” ` Gani aX. Se 
—through a “higher organic composition of capital. The existence of a reserve army is 


thus essential to the preservation of profits. If the demand for labour exceeds the supply 
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of wage labour there is nothing in Marx's theory to prevent wages from rising until profits 


are wiped out altogether’. 
[t is at this point that Keynes’ analysis leads to fundamentally different conclusions 
scarcity—and particularly when different employers are in 


Granted that in times of labour 
ages must rise in money terms, this does not mean that 


keen competition with one another—wi 
ul terms—in other wor ds, that the rise in money wages means an equivalent 


reduction in profits. It is, in my view, one of the chief merits of Keynes’ analysis to have 
shown that money wages and real wages (or wages expressed in terms of the product, or as 
a share of the product) are determined by fundamentally different conditions. It is only 
the level of money wages which is directly influenced by the relative scarcity or abundance of 
Jabour in the labour market. The level of real wages is determined by quite different forces 
abour scarcity (or full employment) it must be determined by the condi- 
all kinds must neither exceed nor fall short of 
to put the same proposition in different 


they will rise in re 


and in times of | 
tion that the total demand for commodities of 


the total supply of commodities of all kinds. Or, 
real wages must be such as to make total expenditure of both the capitalists and the 


r nor less than the total supply of goods available to meet that expendi- 
rkers compete for the available commodities; but while 
consumption, the capitalists’ expenditure is 
or accumulation. Capita- 
ower which is large 


words: 1 
workers neither greate 
se capitalists and wo 


ture. In a sen 
js mostly on 


expenditure 


the workers? 
and partly on 


on consumption 
e in an advantageous pos 
their expenditure in a period, 
The capitalists’ expenditure 


business investment, 
ition in that they posses purchasing p 
whereas the workers’ reserve of purchasing power 
may therfore be entirely independent 
ig—at any rate the connection between the two is far less 
and expenditure of the workers. Workers al- 
ed to spend less when they earn 
ingly fall) the total demand 
their real expenditure side by side with the increase 
is not automatically reduced with the fall 
and profits rise, the total 


partly 
lists ar 


relative to 
r non-existent. 


is small o 
of their current rec 
t than is the 


if they earn mo! 
in real tern 


eipts or earnil 
case with the income 
re, and vice-versa, are fore 


rigid or direc 
is (and profits correspond 


ways spend more 
less. Hence when wages rise 
for goods rises— since the worker 
in their income, whilst the capitalists' expenditure 
in their real earnings. Similarly when wages fall in real vers i 
demand for goods in real terms 18 reduced since the reduction In: the workers demand E 
commodities is not automatically compensated by an equivalent increase of the capitalist's 

since the latter was in any case not confined or limited by their current 


demand for goods — 
It can be easily seen therefore. t 


rs increase 


fine 
ation there must be some 
al demand for commo- 
this division. demand 
s, and thereby reduce 
this, the demand 
tput would 


hat in any given situ 
fits which makes the tot 
her than is indicated by 
ise in relation to Wage 
f wages were lower than 
nd the share of wages in ou 
on of prices and wages must always 
otal demand over total supply. 
since capitalists’ ependiture is 
's expenditure depends 


earnings. 
division of the p 
dities equal to the total supply: 

will exceed the supply- and price 
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The capitalist's expenditure as mentioned before is of two kinds: expenditure on 
investment (for purposes of business expansion) and expenditure on personal consumption. 
Keynes' analysis of the multiplier has shown total income as the outcome of two factors, 
investment outlay and the propensity to save. The same analysis can be applied to the de- 
termination of total or real income and output if the distribution of income between wages 
and profits is treated as given, or to the distribution of income between wages andp rofits, 
if total real income or output is treated as given. If we assume for simplicity that the work- 
ing classes’ expenditure is equal to their income (i.e. that they neither accumulate property 
through current savings nor draw on past savings to supplement their expenditure on con- 
sumption out of current earnings) the determination of the share of wages reduces to the simple 
formula: 


Pp I I (2) 
Y l—c Y 
where the terms : P Y and J stand for profits, income and investment expenditure respec- 
tively and c for the proportion of income spent on consumption. Since the sum of consump- 
tion and saving equals income, this formula can also be written in the simpler form. 


d … (2a) 


where s stands for the proportion if income saved.! 


On this analysis the share of profits (and thus the share of wages) in income is deter- 
mined once the ratio of investment to output, and the capitalists’ propensity to consume 
(i.e., capitalists’ consumption as a proportion of their income), are known. For the ratio of 
investment to output we have however yet another equation : 


where 6 stands for the (average) expected rate of market expansion (of businessmen) and 
v stands for the ratio of capital to output, i.e., the amount of investment required per unit 
of output capacity, expressed as a multiple of annual output. 


1 If the workers’ savings are not zero, but are either positive or negative the formula is more 
complicated without however making any essential difference to the analysis so long as the savings 
of workers, expressed as a percentage of wages are small in relation to capitalists’ savings as a per- 
centage of profits. I use the terms "profits" and "wages" in an inclusive sense, to embrace all forms 
of income from property and from work, respectively. There are some forms of income from property 
which are not the profits of enterprise (such as interest and rent) and which are best treated as a deduction 
from the total profits of enterprises. Similarly not all incomes from work are wages: there are, e.g. the 
salaries of the executive personnel and professional earnings. So long however as the category of mixed 
incomes (where the element of income from work and from property is of equal weight) is relatively unim- 
portant, no significant error is introduced by the simplification of regarding all incomes as belonging to one 
of these two categories. (From the point of view of the particular theory that we are discussing the most 
important difference between property incomes and wage incomes lies in the fact that in the one case 
che total purchasing power at a person’s command is greatly in excess of his total expenditure in a parti- 


cular period. whilst in the other case it is not.) 
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Be ee ween relationship between the value of capital 
o t quired per unit of output— and the average rate of ex- 
pansion of markets which businesses expect are known, the ratio of dece to out a 
is also determined. "This theory therefore asserts that the share of profits depends Ce 
things: on how much investment is required in order to expand output capacity 
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on the propensity of consumption of capitalists ( 
ly to their investment expenditure. Thus if v = 4 


duce output is four times the annual output), 
and if G = 3 per cent per annum (i.e., the average expectation of entrepreneurs is that the 
markets expand at the rate of 3 per cent per annum), and if c — 50 per cent (if capitalists, 
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per cent (3 12%) and the share of wages 64 per cent. 

The main factor which requires further explanation in this theoretical scheme is the 
expected rate of expansion of markets, G. We know that quite apart from expectations, 
tain maximum potential rate of expansion of production, 
determined by the growth of working population and the rate of increase in productivity 
per worker. Let us call this expansion rate, G' as determined by the formula: 
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investment will tend to be excessive in the sense that the capacity to produce output will 
tend to expand faster than output itself — leading sooner or later to the appearance of excess 
capacity. which in turn leads to a temporary interruption of the investment process. This 
T regard as the main reason why economic progress should proceed in fits and starts (through 
cyclical fluctuations of “booms” and "slumps") in capitalist societies.’ 

If on the other hand G < G”, the economy will not succeed in growing at its natural 
vate over longer periods, but the actual growth will be insufficient to prevent growing 
unemployment. Tf G = 0. the economy will relapse into a state of complete stagnation. 

A capitalist economy is therefore exposed to two different hazards. If G exceeds 
G' (especially if it exceeds it by a considerable margin) the economy will be subject to violent 
booms and slumps, with all the economic and social instability which this entails. If on the 
other hand G falls short of ( (especially if it does so by a considerable margin) the economy 
will relapse into stagnation which must ultimately bring down / and p, and thus a, 


And here I would like to introduce a further complication. Whilst over shorter 
periods it is G which tends to adjust itself to G' (through the relative length of booms and 
slumps) over longer periods it tends to be the other way round: technical progress and popu- 
lation growth both tend to be accelerated, or slowed down (as the case may be) by the endo- 
genous forces of expansion in the economic system. When ( is large, capital accumulates 
at a faster rate than the working population, a situation of labour-scarcity must sooner or 
later be reached, which stimulates the introduction of labour-saving techniques: at the same 
time the rapid growth in the supply of consumer goods also stimulates the growth in popula- 
tion. The opposite happens when G is small—which may lead to a state where both G and 
G' tend towards zero. 


There is therefore no inevitability about economic progress in a capitalist economy 
(or for that matter, in a socialist economy) it all depends on whether those in charge of pro- 
duction have the incentives and the will to pursue a vigorous expansion of output capacity. 
It is this expansion of output capacity which through its indirect consequences on the 
demand for labour and on the supply of consumable goods stimulates both ¢ and p, and thus 
brings about the basic conditions for a sustained expansion over longer periods. 


1 If G' is given, the expansion rate G' can be indicated by a logarithmic curve, in a diagram 
showing time horizontally and output on the vertical axis. If G > G', then the slope of the segment 
of the logarithmic curve indicating G must exceed, at any given time, the slope of the curve indicating 
or. Since however, the economy cannot, over longer periods exceed the rate of expansion G”, the actual 
progress of the economy must proceed by jerks, as shown in the diagram below. 


G EN 


Output G 
E 


Time 
/ jg also part of a single logarithmic growth eurve but it is discontinuous due to the necessity to keep 
3' is als ar e 


the actual expansion in harmony with G. 
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It remains to show how these two theoretical models, the Marxian and the Kevnesian, 
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(=p—s w) to equal or exceed the profits shown by equation (2). Henceforth real wages 
are no longer tied to the subsistence level; and, apart from changes reflecting changes in the 
variables in equations (2) and (3), the share of wages in output remains constant. 


Thus the Marxian scheme is applicable in the early stages, and the Keynesian scheme 
in the later stages of capitalist development. This explains why in the early stages of deve- 
lopment the wage earners obtain so little benefit from the growth in production whilst in 
the later stages real wages rise so much above the subsistence level and go on rising with 
further increases in productivity. 

What I have said in this lecture has only been intended as the barest outline of a theory 
of capitalist economic development. There are numerous gaps to be filled in, and complica- 
tions to be introduced which it is impossible to do in a single lecture. I should, however, 
draw attention to one important complication; equations (2) and (3) are to be interpreted as 
“long-run” equations, as the determinants of the “normal” share of profits and of wages. 
Short-period fluctuations in the variables G, v, c may not reflect themselves in corresponding 
variations in the share of wages and of profits, but either in fluctuations in output or in invest- 
ment —rationing. This is because in the short period there are elements of resistance against 
downward revisions either in the share of profits or in the share of wages, and this tends to 
stabilize the shares around the customary level. Thus if there is a sudden fall in Gv, and 


hence + equation (2) tells us that the margin of profits on turnover is correspondingly reduced, 


and the fall in investment demand by entrepreneurs is compensated for through an equivalent 
induced increase in consumption demand by wage earners (due to the fall in prices relative to 
wages). In fact, however, profit margins may not be cut, or only tardily, with the result that 
aggregate real demand, and hence aggregate production, is reduced. In the opposite case 


where there is a sudden rise in Gv, and hence in y equation (2) indicates a rise in prices rela- 


tive to wages which deprives the workers of purchasing power and thus reduces their con- 
sumption so as to release resources for the rise in investment demand. In fact however 
the workers resist this cut in their accustomed standard of living through demanding higher 
money wages, which in turn leads to further increases in prices and of money wages, (and 
thus to à process of inflation) until the Government takes steps (in order to protect the 
currency) to "ration" investment through monetary controls, or licenses, etc., and thereby 


cut + below Gv. These elements of resistance or inertia serve to reinforce the long-term 


stability in the shares of pofits and wages due to the factors mentioned earlier. 

In conclusion I should like to emphasize again what I said at the beginning. There is 
no inherent necessity in a capitalist economy or any other economy of sustained evolution. 
There may be stagnation rather than development: progress may take the form of violent 
ups and downs, and not of a smooth or steady process; progress may be attended by a growing 
concentration of wealth and economic power in the hands of a few individuals. But none 
of these tendencies if they arise are either inevitable or unavoidable. They aré all subject 
to social control once we understand the manner of operation of economic and social forces. 
Tt is my belief that in a progressive social democracy they could all be avoided. 


Paper received : August, 1956. 
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THE FOUNDATIONS OF STATISTICS* 
By P. C. MAHALANOBIS 
Indian Statistical Institute, Calcutta 


INTRODUCTION 


I am particularly grateful to Professor F. Gonseth and Professor A Linder 
ymposium which was held in the Swiss Federal Institute of 
having invited me to open the discussion on the 


0.1. 
the organizers of the Zürich E 


Technology in Zürich in April 1953, for 
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ye in 


the Indian- Jaina theory of syádvida* which aroused much interest; and I was requested 
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n doing this in Part I of the present paper. 

02, There was also à brisk discussion on some of the views which I had placed 
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jews in Part 2 of the present paper broadly on the basis of the 
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al with some of the comments made by the other speakers. 
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correct to claim) that the concept of probability in its present form was recognized in syadva- 
da but the phrases used in syüdváda seem to have a special significance in connexion with the 
logic of statistical inference. 


L3. I shall first give a brief historical account of syädvada. Jaina religion and 
philosophy came into prominence from the time of its great leader Mahavira (599-527 B.C.) 
who was a contemporary of Buddha, the founder of the Buddhist religion. The carliest 
reference to syadvada occurs in the writings of Bhadrabähu who is believed to have given 
the following explanation of syüdvüda: syat = "may be", and rāda = “assertion”, or the 
assertion of possibilities." 


“The syddvada is set forth as follows: (1) May be, it is; (2) may be, it is not; (3) 
may be, it is and it is not; (4) may be, it is indescribable; (5) may be, it is and yet is 
indescribable; (6) may be, it is not and it is also indescribable; (7) may be, it is and it is not 
and it is also indescribable.’ 


1.3. There were two authors of the name Bhadrabahu, the senior belonging to the 
period 433-357 B.C., and the junior to about 375 A.D., and it is not definitely known whether 
the above explanation was given by the senior or the junior Bhadrabahu; but the above 
exposition is usually ascribed to the senior Bhadrabahu of the 4th century B.C.? There is 
indisputable mention of syadvada in the Nyāyāvatāra of Siddhasena Diväkara! (about 480- 
550 A.D.) A little later Samantabhadra (about 600 A.D.) gives a full exposition of the 
seven parts of Syad-váda or Sapta-bhañginaya in his Aptamimamsa.> Yt is clear that syadvada 
was well developed by the sixth century A.D., and received a great deal of attention in the 
mediaeval period of Indian logic: the syadvadamaiijart of Mallisena (1292 A.D.), for example. 
is a separate treatise on the same theory.* There are. of course, still later works such as 
Vimala Dàsa's Saptabhañgilarañgint and a large number of mediaeval and modern commen- 
taries. I am, therefore, dealing with a well-known theme which is considered to be the most 
original contribution of Jaina logic to Indian thought.’ 


iSatis Chandra Vidyabhusana, A History of Indian Logie (Calcutta University 1921), pp. 167. 
(This book will be referred to as HIL.) 


2HIL, pp. 167-165. 


3HIL, p. 167. 


‘HIL, p. 181: “Tt is the perfect knowledge of things taken from all possible standpoints. Thus 


à thing may be, may not be, both may or may not be, ete. according as we take it from one or the other 


standpoint." 
sHIL. pp. 182-184. 


“Jadunath Sinha, History of Indian Philosophy (Central Book Agency, Calcutta, 1952). Vol. 
EL, p 179. (This book will be referred to as J. Sinha, HIP). 


The Jaina Philosophy of Non-Absolutism (Bharati Jaina Parisat, Calcutta: 


7Satkari MOOKERJEE: ' 
1944), p- 191. (This book will be referred to as JPN). 
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2. DIALECTIC OF SEVEN-FOLD PREDICATION 


2.1. I shall next refer to the actual text in Sanskrit of the dialectic of sevenfold 


predication (saptabhañginaya): 
(1) syüdasti! == may be, it is. 
(2) sydtndsti = may be, it is not. 
(3) syddasti* nasti? ca = may be, it is, it is not. 
(4) syadavaktavyal? may be, it is indeterminate. 


sat avaktavyašca® may be, it is and also indeterminate. 


(5) syādasti 

(6) sydtndsti ca avaktavyasea = may be, it is not and also indeterminate. 

(7) syddasti nasti ca avaklavyasea = may be, it is and it is not and also 
indeterminate. 
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ation, Le, “it is not”, “it does not exist", 
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“not-head” or “tail” on the other side, and we also know that it must turn up either 
“head” or “tail”, we may then predicate that (5) there exists one type of indeterminateness 
which is capable of being resolved in terms of the first four categories. On the other hand 
we may know that the subject of discourse is not a coin but something else to which the 
category of indetermination in the above sense cannot apply, we may then use the sixth 
mode of predication and assert that (6) there does not exist that type of indeterminateness 
which is capable of being resolved in terms of the first four categories. Finally, there is the 
seventh mode of knowledge where we may be able to predicate that sometimes the possibility 
of resolution of indetermination exists (as in the fifth mode) and sometimes this possibility 
does not exist (as in the sixth mode). 


2.6. According to syddvada, the above seven categories are necessary and are also 
sufficient so that they exhaust the possibilities of knowledge. There is a minority view which 
holds that there are further possibilities of (8) vaktavyasca avaktavyasca, a kind of duplicated 
indeterminateness together with successive categories of the fifth, sixth, and seventh types 
in an infinite regression but the accepted opinion is that the hypothetical eighth category 
is identical with the fourth so that there is no need of more than seven categories. 


2.7. I should like to emphasize that the fourth category is a synthesis of three basic 
modes of “it is" (assertion), “it is not" (negation), and inexpressible, or indefinite, or 
“indeterminate” (which itself is resolvable into either “it is" or "it is not”), and supplies 
the logical foundations of the modern concept of probability. Consider the throw of a 
coin. It has the possibility of head (it is) or not-head (it is not); sometimes head and 
sometimes not-head; and the combination of both possibilities of “it is" and “it is not" 
in an yet indefinite or indeterminate form. The fifth category of knowledge in Jaina logic 
predicates the existence of indetermination (which we may perhaps interpret, in modern 
language, as the assertion of the existence of a probability field). The sixth category denies 
the existence of a probability field; while the seventh category covers the whole range of 
possibilities mentioned in the other six categories. 


3. RELATIVISM 


3.1. It would be of interest to consider some further aspects of Jaina logie. The 
points to be stressed are that Jaina thought is non-abosolutist (that is, it is relativist) and 
realist. Siddhasena Divakara (480-550 A.D.) in Nydydvatdra (which is accepted as the 
earliest Jaina work on pure logie at present available) gave an exposition of syddvada (know- 
ledge of the all-sided method) of which the authentic text is as described below: 


© Syādvādu, which literally signifies ascertion of possibilities, seeks to ascertain 

the meaning of things from all possible standpoints. Things are neither existent nor non- 

existent absolutely... Syad which signifies “may be" denotes all these seven possibilities, 

that is, a thing may be looked at from one of the above seven points of view, there being 
S, z ma; 


no eighth alternative." 


1 N yayaratara edited by Satis Chandra ViDYABHUSANA. (Indian Research Society, Calcutta, 


1909), pp. 29-30. 
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3.2. It has been pointed out that: 


* All objects are multiform (anekänta) according to him (i.e. the Jania). From 
their many-sided nature it follows that all judgments are relative. They are true under 
certain conditions. They are conditional or hypothetical. No judgments are absolutely 


haps” must be added to all judgments to indicate their conditional 


true. The word “perl 
¡Ed 


character. This is Syddvada or the doctrine of relativity of judgments.” 


“The Jainas emphasize manifold nature of real things which are endowed with 


infinite qualities, modes, and relations to the other things.! They have identity-in-difference. 


The Vedantists emphasize pure identity and deny plurality. The Jainas emphasize mani- 
foldness of inter-related reals and deny pure identity. They are anti-Absolutists. They 


are advocates of relative pluralism.” 


It has been also pointed out that: 


1 that no affirmation, or judgment, is absolute in nature, 
1 sense only, and for each one of them any of the above seven 
saptabhangi) holds good. (See syadvadamañjart with 
The Jainas say that other Indian systems each 
»solute and the only point of view. They 
that the truth of any assertion is merely 
ons, circumstances, or senses (wpädhi). 
universally and absolutely valid. For 
à tion will always be found to hold good of any judgment 
à contrary or contradictor | reality is partly permanent and partly exposed to change 
s Ë: E EN new “qualities, and is thus relatively permanent 
in the form of losing and gamins s regarding truth are also only relatively valid and in- 
so all our affirmatio Ge "i categories of logic, are all equally available 
e pa tations for any and every kind of judgment. There 
dew ver e negation, and all judgments are valid only 
te pos 


“Thus the Jainas hok 
each is true in its own limited 
alternatives | (technically called 
Hemachandra’s commentary P- 166 etc). 
from its own point of view asserts itself ta be the al 
e that the nature of reality is such # 
1 only in certain conditi 
affirmation which is 


do not perceivl 


conditional, and holds goo 


It is thus impossible to make any 
ry afirma 


in some sense or other. 


and changeful, 
valid. Being, non-being an 
other in al 


in some sense or 
absolu 


is no universal and 


conditionally.” 


4, REALISM 


jstios “The Jaina philosopher maintains that 
aes of attributes and characteristics which 


is essential 
mium on internal intuition. 


an infinite number 


4,1. Jaina logic 
_ He refuses to put a pr 


d of 


existents are possesse 
<perience alone. - hi ina does not seek to deny, is 
can be discovered by experi” ntributions, W hich the Jaina » d 
ts active e and not à creator of facts. (JPN, p. 1) 


The mind, even with ! t of discovery 


believed by him to be an 


uch similarity to A.N. WHITE- 


s mi 
is respect has M E 
i : lism and Empiriocriticism. ë 


p, vol. T, 1 
“Material 


1J, Sinna, AT 
that the eg 
f nature”. e 

208. P 
vol. IL, 1952, PP* sp, 180-181 (Cambridge 
ay. Srna, HIP, oh, vol. I+ PP 


2It is worth noting 


HBAD's "inexhaustibility 9 
University Press, 
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“Logic has to work upon the data of experience and is as much an Lans 
as experience is." (JPN, p. 5)....“Pure logie, prior to and independent of sspArenoe) isa 
blind guide to the determination of truth. Logie is to rationalize and systematize what 
experience offers." (JPN, p. 78). 


"A thing is existent, is non-existent and is both existent and non-existent, but 
always subject to limitations imposed by objective differences of substance, time, space 
and attributes (dravya-ksetra-küalu-bhüvapeksaya).! The differences in predication are not 
due to our subjective contemplation from different angles of vision, but are founded upon 
objetively real attributes. They are facts irrespective of the consideration whether we 
contemplate them or not." (JPN, p. 107.) 


4.2. “The Jaina does not sce any reason why things should be particulars alone. 
Things are, according to the Jaina, both universals and particulars together... A real is 
a particular which possesses a generic attribute." (JPN. p.2.)... "in conformity with 
the plain verdict of experience, the nature óf reals is admitted to be made up of both the 


elements — universal and the particular and to be cognised as such by perceptual know- 
ledge."...(JPN. p. 3.) 


"Things are neither exclusively partieulars, nor are they exclusively universals, 
but they are a concrete realization of both. The two elements can be distinguished by 
reflective thought, but cannot be rent asunder, So our experience of one particular individual 
is not confined to that individual alone, but extends to unperceived individuals also in so 
far as the latter typify the universal as a part of their constitution. Individuals, even when 
they belong to a class, will vary from one another. +T Repetition of experience only helps us 
to take stock of the universal in its true character, but once the latter is known, it does not 
stand in need of verification or confirmation by further observation 2 (JPN, p. 6.) ; 


4.3. The Jaina emphasizes the multiple nature of reality and accepts the standpoint 
of non-absolutism : “He asserts that neither unity nor diversity sums up the nature of 
a real, but both taken together do it. Unity is not exclusive of diversity or vice versa, 
The difficulty that is confronted is not grounded upon objective reality, but arises from a 
subjective aberration. which consists in the imagination of inconsistency between unity 
and diversity. But unity is associated with diversity and diversity is never found apart 
from unity, which is its very foundation.” (JPN, p.58.) 


“The central thesis of the Jaina is that there is not only diversity of reals, but 
each real is equally diversified. Diversification as induced by relations has been explained. 
The conclusion is legitimate that each real is possessed of an infinite number of modes at every 
moment. The number of reals is infinite and consequently their relations with one another 
are infinite. ... All things are related in one way or the other and ... relations induce rela- 


tional qualities in the relata, which accordingly become infinitely diversified at each moment 


—— —— À— 


ldranga = substance: ksetra = space; kala = time; bhava = attribute, 


i i n m" HI 
21 may draw attention to the similarity of these ideas to the concept of an “individual element 
in relation to the “population in modern statistical theory, 
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and throughout their career. "- ings ar i . ary i " 7 
p-70.) According to the Jaina “a n a s. d Me i em KC 
The continuity never breaks down.” (IPN, p. 70.) the 

“A real is that which not only originates, but is also liable to cease and at the 
same time capable of persisting. Existence, cessation, and persistence are the fundamental 
characteristics of all that is real. ... This concept of reality is the only one which can avoid 
the conclusion that the world of plurality, which is the world of experience, is an illusion.” 
(JPN, p. 72.) 

4.4. The relativism of the Jaina philosopher is to be sharply contrasted with some 
of the other Indian systems of philosophy. 


“The Vedantist starts with the premise that reality is one universal existence; the 
Buddhist fluxist? believes in atomic particulars, each absolutely different from the rest 
and having nothing underlying them to bind them together. The Naiyáyika! believes both 
to be combined in an individual, though he maintains that the two characters are different 


and distinct. ... The Jaina differs from them all and maintains that the universal and the 
particular are only distinguishable traits in a real, which is at once identical with and 


different from both." (JPN. p. 13.) 

Tt is, however, necessary to notice that: 

“There is a difference—and intrinsic difference at that— between a manifested and 
an unmanifested real. ... They are identical and different both—identical in so far as it 
is the same substance and different in so far as it undergoes a change of characteristic. 
This is the Jaina position of non-absolutism." (JPN, p. 39.) 

“A real is not entirely expressible in all its aspects and modes. But it is not 
inexpressible altogether. A real being a multiple entity is expressible and inexpressible 
both in reference to different aspects: it is expressible in so far as it partakes of a universal 
and is inexpressible so far as it is a unique individual. 5...(JPN, p.113.) 

“The unique individuality of a real is not accessible to conceptual thought and, 
hence, to language, but it is reached by an analysis of the nature of reality as it is apprehended 
in perception. ... we have tried to prove, following the guidance of the Jaina philosophers, 


which holds that reality consists of an 


1There is one well-known school of Buddhist philosophy s | 
: y independent “moments” which have no connexion with 


infinite sequence of "ntomistie" or completel 


one another. 
isti i 'edántist holds that the Absolute transcends 
stie philosophy of the Vec 
20n the other hand, the monis 
all change. | | 
“fluxist” requires a little explanation. The Buddhist school of philosophy (to which 
3 rase “fluxis Š ` à à did 
pia cer le in footnote ) is known as ksana-vada which means literally the theory or philo 
š ap B < + "TT PEE) PRS e 
Er Deeg S It has been translated by 8. Mookorjee as “Muxist” w hich, however, does not seem 
sophy of “moments”. has s À 


to be entirely happy. 


ian 
¿Another well-known school of Indi 
or unique individual as such (that 


in modern statistical or probability theory. 


philosophy. 
is without any relation to a 


5]t may be noted that à single. 
i : i aning 
“population” or “universe 77) has no meaning 
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that the nature of reals, on analysis, has been found to exhibit the following traits, viz., exis- 
tence, non-existence and inexpressibility.” (JPN, p. 127.) 


5. RELATIONAL ASPECTS 
5.1. Relational aspects have received special notice in Jaina logic. 


“Everything is related with every other thing, and this relation involves the 
emergence of a relational quality. The qualities cannot be known « priori, though a good 
number of them can be deduced from certain fundamental characteristics.” (JPN, p3.) 
.. “A real is only a part of a system knitted together by a network of relations, from which 
it cannot be divorced." (JPN, p. 109.) “Every real is thus hedged round by a network 
of relations and attributes, which we propose to call its system or context or universe of 
discourse, which demarcates it from others." (JPN, p. 114.) 


“Tt is idle to raise questions of chronological status as to whether the unity is prior 
to the elements or the elements are prior to the unity. In the concrete real at any rate they 
are coordinate. This unity of being and non-being, or rather of self-being and negation 
of other-being, is heyond the reach of logical concepts, and, hence, of linguistic symbols, 
which are but the vehicles of such concepts. The Jaina in recognition of this inalienable 
character of reals declares them to be inexpressible. The inexpressible may be called indefi- 
nite from the standpoint of formal logic. But this is not the whole character of a real. Tt 
is also expressible and logically definable as existent, as non-existent.” (JPN, p. 115.) 


“The Jaina conception of relation may be summed up as follows. Relations are 
objective verities which are as much given to intuition and to thought as the terms are. A 
relation has no objective status outside the terms. It is the result of an internal change in 
the nature of the terms. It is sui generis in that it cannot be placed under the head of identity 
or of difference, both of which are contained as traits in its being.” (JPN, p.211.) 


5.2. The Jaina view of relatedness of the things is very naturally extended to the 
discussion of causality. 


^, neither synchronism nor succession is believed by the Jaina to be the essential 
characteristic of causal relation. Causality is a relation of determination. The effect is 
that whose coming into being is necessarily determined by the being of another. The deter- 
minant is called the cause and the determinatum is called the effect. The determinant may 
be synchronous with the determined or may be separated by an interval...” (JPN, 


p.212) 


«What is the organ of the knowledge of causality? The Jaina answers that it is 
perception of the concomitance in agreement and difference. ... The Jaina takes the ob- 
servation of concomitance in agreement and in difference to be one observation. ... The 
Jaina posits a twofold cause for the perception of universal relation—an internal and an ex- 


ternal condition. The internal condition is found in the developed state of our mind and 


1The Jaina view insists on the inadequacy of formal logie by introducing the concept of indefinite- 


ness or indetermination or uncert 


bility of defining reals in terms of ex 


ainty as an inalienable character of reals; but also emphasizes the possi- 


istent or non-existent taken together. 
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the external condition is the i 
3 a É repeated observation of the 1 ents.’ 
EE ie sequence of the two ev nts." 


as causality, substance, attribute and the like, are no doubt the 
works up the data of experience, but this does not mean with 
mind only and not of the extra-mental reality which they 
he instruments of discovery of 


“Such concepts 
ways in which the mind 
the Jaina that they are true of the 
The Jaina would take them to be t 


purport to understand. 
rnal, which render the same kind of serviee as the 


the nature of reality, internal and exte 
sense-organs do." (JPN, p. 217.) 
matter, time, space and so on, are 
posited since general concepts pre- 
since without these principles the data of experience cannot 
These categories in spite of their general and comprehensive 
stent with the existence of individual entities, but on the 
ctive data. Without the individual existents 


“The different categories, viz., the selves, 
deductions from experimental data. They have been 
suppose their existence and 
be organized into a system. 
character are not only not inconsi 


contrary they are entirely based on the obje 
these categories would be reduced to unmeaning class concepts. The affirmation of cate- 


gories as objective principles is thus proof of the existence of individual reals, which are in- 
cluded within the ambit of these categories. Without the individuals forming their contents 
the categories would be empty and barren, and the individuals without the categories would 
r of chaos. The Jaina is a believer in plurality no doubt, but that plu- 
The plurality is a system inasmuch as each individual 
of relationship.” (JPN, pp.299-300.) 


be reduced to a welte 


rality is not an unrelated chaos. 
is cemented with the rest by definite bonds 
t of view (paryayárthikanaya) the world is an infinite plu- 
ve and modes. But the analytic view does not give us the 
Itisa partial picture that we derive of the world by means 
rut of reality, however, reveals its universal unitive nature 
ynthetic angle of vision (dravydrthikanaya).” 


«From the analytic poin 
rality with their infinite variatiot 
whole nature of reality as it is. 
The whole gan 


of such approach. 
ed from the $ 


us one existence when it is envisag 


(JPN, p.301.) 
ne existence which mani- 
The selfsame exis- 


the infinite 


he universe is 0 
modes and att ributes. 
accommodation for 
e which manifests itself 


conclude that t! 
as it unifies the 
as it provides 
It is the same existence 
is, as precedent an 
existence that ev 
ribute and relation are 


s legitimate to 
ance (dravy®) 
tself as Spac 
e within itself (ksetra). 

as it changes into aspet 
and future modes. It is the same 
The substance, time, SP 
The different categories, thu 
a position of antagonism 


“Tt seem 
fests itself, as subst 
tence again reveals i 
plurality of existence 
as Time (w.f. kala) is so far 
and latter, as present, past 
and modes, attributes and states. 
thus evolved from the sal xistenco: 


pin gH š w e nger in 
variations of one principle, = 


e in so far 
d consequent as earlier 
olves as phases 
ace, atti 
s viewed as functional 


DS? of indifferent isolation. 


are no loz 


(Astasähasrt, p. 113.) A P 
lity but à unity also. Tt is one universe that 
The world of real s at the sacrifice of the 
the Jai E "sies gives US- a 
e Jaina metaphysics E ial indifference. 


man "ar any left jn unsoc 
id the mend itled to be called the 


is ... ent 
ge of reality and its 


5.3. It has been observed th. 


paragon of realism. If experience 
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behaviour, we cannot repudiate the plurality of things. The admission of plurality neces- 
sitates the recognition of the dual nature of reals as constituted of ‘being and ‘non-being 
One real will be distinguished from another real and this dis- 


as fundamental elements. 
rror of judgment, presupposes that each possesses a dif- 


tinction, unless it is dismissed as e 
ferent identity, in other words that being of one 
is propounded by the Jaina in that things are rea. 
own unshared by others (svarüpasatla), and they 
identity (pararüpasatta). — ... The logie of Jaina is empirical logic, which stands in irreconcil- 


is not the being of the other. ‘This truth 
L, so far as they have a self-identity of their 
are unreal in respect of a different self- 


able opposition to pure logic." (JPN, p. 181.) 


5.4. J. Sinha (HIP., vol. IT, p.180) gives the following summary of Jaina philosph y: 
“The world is self-existent and eternal, All objects of the world are multiform (anekanta) 
ations (anantadharmaka). This is relative pluralism. 


and endued with infinite qualities and re 
The reality can be considered from different points of views or nayas. The nayas are the 
standpoints, . All judgments are relative and probable. No judgments are absolute. 
This is syadvada. There are seven ways of predication. This is called saptabhanginaya 2" 


Tt is not strange that Jainas believe that “the different systems of philosophy are 
only partial views of reality. Jainism is the complete view of reality.” (J. Sinha, HIP, 
vol, IL, p. 180.) 


6. SOME GENERAL OBSERVATIONS 


6.1. I have given actual quotations from books on Jaina philosophy to convey 
the thoughts in their original form (of course, in English translation) without the bias of any 
subjective interpretations. I should now like to make some brief observations of my own 
on the connexion between Indian-Jaina views and the foundations of statistical theory. 
I have already pointed out that the fourth category of syddvada, namely, avaktavya or the 
"indeterminate" is a synthesis of three earlier categories of (1) assertion (“it is"), (2) negation 
(“it is not”), and (3) assertion and negation in succession. The fourth category of syādvāda, 
therefore, seems to me to be in essence the qualitative (but nol quantitative) aspect of the 


modern concept of probability. Used in a purely qualitative sense, tin Brengt, category 
of predication in Jaina logic corresponds precisely to the meaning of probability which 
covers the possibility of 
and sometimes not-existing. The difference between Jaina “avallavya” and 


(a) something existing, (b) something not-existing, and (c) sometimes 
existing 
"probability" lies in the fact that the latter (that is, the concept of probability) has definite 
quantitative implications, namely, the recognition of numerical frequencies of occurrence of 
(1) "it is", or of (2) "it is not^; and hence in the recognition of relative numerical frequen- 
cies of the first two categories (of "it is" and "itis not") in a synthetic form. It is the 
(and emphasis on) the concept of numerical frequency ratios which 


explicit recognition of 
atistical theory from the Jaina theory of syädvadu. At the same 


distinguishes modern st 


tPure logic in tho sense of formal logic. 


2J. SINHA, HIP, vol. IL, p. 180. 
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ti me lity RON e 
ime it is of interest to note that 1500 or 2500 years ago syGdväda seems to have given 


the logical background of statistical theory in a qualitative form 1 

6.2. Secondly, I should like to draw attention to the Jaina view that "a real is 
attribute”. This is very close to the concept of an 
The Jaina view in fact denies 


1 unique individual which would 


a particular which possesses a generic 
individual in relation to the population to which it belongs. 

the possibility of making any predication abont a single anc 
be also true in modern statistical theory. 
on the 


l is the emphasis given in Jaina philosophy 
(again 


cts of reals which appear to be similar 
inderlying the concepts of association, ci 


6.3. The third point to be noted 
relatedness of things and on the multiform aspe 
nse) to the basic ideas + 
jation in modern statistics, 

‘existence, persistence, and cessation” as the fundamental 
essarily leads to à view of reality as something 
our of statistical reasoning. 
is a view which is 


in a purely qualitative se or- 
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GA. The Jaina views of" 
characteristics of all that is real nec 
relatively permanent and yet relatively changing which has a flav 
“A real changes every moment and at the same time continues” 
somewhat sympathetic to the underlying idea of stochastic processes. 

Jaina logic is its insistence on the impos- 
asis on non-absolutist and relativist 


In syadvada, the qualification “yat” “may be" or “perhaps” must be 
redication without any exception. All predication, according to 
rgin of uncertainty which is somewhat similar to the concept of 
rn statistical theory. The Jaina view, however, is essentially 
haracteristic of modern statistical theory is its 
etermining the margin of uncertainty in a 
ain predication naturally leads Jaina 
“formal” logic, and hence to 
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(which would seem to correspond to the state of organized knowledge in any given context) 
and also to an external condition based on “the repeated observation of the sequence of 
the two events” which is suggestive of a statis ical approach. 


6.7. Finally, I should draw attention to the realist and pluralist views of Jaina 
philosophy and the continuing emphasis on the multiform and infinitely diversified aspects 
of reality which amounts to the acceptance of an “open” view of the universe with scope 
for unending change and discovery. For reasons explained above, it seems to me that the 
ancient Indian-Jaina philosophy has certain interesting resemblances to the probabilistic 
and statistical view of reality in modern times. 


Re 
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THE SYADVADA SYSTEM OF PREDICATION 
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ith by the scientific method does not lead to complete certainty. 
omplete uncertainty. Hence any logical system which allows of 
ween certainty and uncertainty should interest scientists. The 
Syddvada system of the Jaina philosopher Bhadra- 
) has commented on it. A central feature of this 
These are as follows. 


The search for trv 
Still less does it lead to c 
conclusions intermediate bet 
earliest such system known to me is the 
bahu (2433-357 B.C.). Mahalanobis (1954 
system is the saptabhangi naya or list of seven types of predication. 


(1) syädasti. May be it is. 
(2) sydtnasti. May be it is not. 
(3) syádasti nasti ca. May be it is and is not. 
(4) syadavaktavyah. May be it is indeterminate. 
May be it is and is indeterminate. 


(5) syddasti ca avaktavyasea. 
May be it is not and is indeterminate. 


(6) syátnasti ca avaktavyasca. 
valtavyasca. 


May be it is, is not, and is indeterminate. 


(7) syadasti nasti ca ar 
f a coin, and held that it could serve 


that it arises naturally in simpler 
on asti would be “This is hot”, 


d this from the throw O: 
However 1 wish to show 
the affirmative predicati 


Mahalanobis illustrate 
as a foundation for statistics. 
cases, including simple cases where 


or “This is a man”. 


h case an uncertain is usually somewhat quantitative, as in 


T therefore begin with a very abstract 
be certain of our answer. If z+2 = 3, then v= 1. 
We cannot say that the probability that z = 1 is 

2. Further data may lead to 


ity that z = 2. 

ago one might perhaps have spoken of 
z—1 = 0,z = 1 or +V —1. The 
until the invention of complex 


In any sucl iced 
S atue. 
I think this is a man, t be a statt 
field, that of algebra- Here we may 
But if a3—32z--2—0, then € = 1 or 2. 
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ed years 
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Five hundr 
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indeterminate solutions of equations: : 
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d better exam 
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2. Of course many other functions 


+ — 3r. A function which assumes all 


by the table 0, 3, 1, 4, 2. 
are identical with it. For example 325 


the admissible values unequivocally is called biunivocal!, and it is easy to show that there 
are m! biunivocal functions. However some functions are univocal, but their inverses are 
not. In this case some residues do not occur in the table, while others occur more than once. 
For example the table of 322--1 (mod.5) is 1, 4,3, 3. 4. The number of univocal functions 
is m”, since each place in the table can be filled in » ways. 


Tf a function is not univocal, but its inverse is univocal, we obtain a table such as 
that for z*, namely 0, 1 or 4, s, t. lor 4. Here T introduce the symbol zi, for avakta, for an 
undefined number. There is no number whose square (mod. 5) is 2 or 3. # may occur in 
a table as an alternative to a number. For example the function e” is never integral when 
x is a residue other than zero. Nor is it integral for most values of & which are avakta, such 
as 43. But it is integral for such numbers as log 2. Hence the table of e" is 1; AAA 
=: and 0,1,2,3,4, or a. The last place in the table corresponds to x = @. Similarly 
if we consider the function y defined by y?—y? = a?, then we find the table 


0 or 1, a, 2 or 4, 2 or A, A, 3 or 4 or a. 


For when z = 2 or 3, y®—y’—4 = 0, so y = 2 or 24/2, the latter two roots being con- 
gruent with }(—14/—7). These quantities are inexpressible (wvakta) modulo 5. And 
when x = A, a? = 2,3, or A, so y may be 3 or 4, as well as ur. 


Thus for a full enumeration of functions modulo m we need a table with m--1 places 
corresponding to the residues 0, 1, 2 ..., m —1, and a. In each place we can set one, or any 
number, of these symbols, but we must set at least one. So each place can be filled in gue] 
ways, for each of the m--1 symbols can be present or absent, except that all cannot be absent. 
Thus the total number of functions modulo m is (2"* —1)"**, for example 62, 523, 502, 209 
if m = 5, as compared with only 120 biunivocal functions, and 3125 univocal. 


Now consider the simplest of the finite arithmetics, namely arithmetic modulo 2. 
There are only two elements, 0 and 1. Electronic calculators are based on this arithmetic. 
These machines are so designed that each unit, as the result of any instruction, will be active 
(1) or inactive (0) at any given moment. And it is possible, in principle, to predict whether 
it will be active or inactive. That is to say ambiguity is avoided, and the machine is designed 
to operate in terms of univocal functions. Nevertheless it is possible to provide such a 
machine with an instruction to which it cannot give a definite answer. It is said that some 
such machines, when given an instruction equivalent to one of the paradoxes of Principia 
Mathematica, come to no conclusion, but print 101010...indefinitely. Clearly a machine 
could be designed to print 4 in such a case. It is obviously possible to design a machine 
which would print “0 or 1” in response to the instruction a?—2 == 0. A machine with the 
further refinement suggested above would respond "0, 1, or 3" to the instruction “(12—x) 


cos z = 0 (mod 2)”. Such a machine could give any of 7 responses, namely : 


0,1, 2, 0 or 1, 0 or A, 1 or 4%, 0 or 1 org, 


These are the saptabhanghinaya with the ommission of the syllable syad. 


SE 1 T have deliberately chosen a word with the same root (Latin vor = Sanskrit vak) as avakta, 
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I now pass to an example where the saptabhanghinaya is actually applied in scienti- 
fic research, and which I suspect is not far from what was in Bhadrabahu's mind. In the study 
e organs it is important to determine a threshold. For example 


of the physiology of the sens 
tasted 


a light cannot be seen below a certain intensity, or a solution of a substance which is 
‘ated cannot be distinguished from water when it is diluted. Some 


as bitter when concent 
" or “no” to the question “Is this illumi- 


experimenters order their subjects to answer “yes 
Tf the experimenter is interested in the psychology of per- 
^Tt is uncertain", or some equivalent phrase. 
age of intensities. 


nated 2%, or “Is this bitter? " 
ception he will permit the subject also to answer 
The objection to this is that some subjects may do so over a wide rai 

Now consider a subject who is shown a series of illuminated patches, some above 
and others very close to it, ina randomised series. 
f sensory adaptation, that he replies in Sanskrit, 
At any given trial he will 


his threshold of perception, some below it, 
at he is in a steady state o 


and that he is aware that his answers will sometimes be incorrect. 
“syadavaktavyah™, or "syütnásti". After the second trial of a light of an 


hreshold he may have given two of these answers, for example ‘syät- 
After the third he may have given all three, though this is not very 
be schematised as follows: 


We will suppose th 


answer “syadasti”, 
intensity near the t 
násti ca avaktavyasca”. 
probable. The possibilities may 


Third Fourth 


S nd 
e trial 


First C ial 
trial trial tria 


ASH 


— c cm 


(4 (4) -Y K d 


Me) (o — (6) 
( Ro M EE à 
(2) > Qu. H e cosita ase. 
redications. After the third trial no new possibilities arise. 
pre: 


yossible sequences of a 
My only possible criticism 


rs he may be aware 


Diagram showing che | | 
are exhaustive. 


ven two different answe 
he has given all three, no 


possibilities 


t has gi 
give the third. Once 


at the seven 
If the subjec 
t he will later 


It is clear th 


of Bhadrabahu is this. 


that there is à possibility tha 
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further possibility is open. It might therefore be argued that the seventh type of predication 
should be “asti násti ca avalklavyasca”. 

On the hypothesis that the subject is in a steady physiological and psychological 
state, the probabilities of each of the three answers to any given stimulus are constant. Tet 
the probabilities of answering syadasli, syādaraktavyah and syütnasti be p. q, and z. where 
p+q+r= 1. Tf, after n trials, the probabilities of the 7 types of predication are Pis, Pans 
etc. where P,,, is the probability of syadasti, etc., then the vector [P,,; Pons Pai Pani 
Py Peat Pl transformed into the vector [Pinal Poni. etc.] by multiplication 
by the matrix 


p © ü Ffv. 0 0 \ 
0 r 0 0 0 0 0 
l r p ptr 0 0 0 0 
126] Gw gy 5 4 0 


0 q 0 r 0 gin 0 
0 0 q 0 r p 1 


Evidently this could be made a little more symmetrical by transposing row and column 
(3) and (4). 


The latent roots of this matrix are : 


1, p-rq. q+", DF", p. q, v. 


So Pin = n" 
Pan =" 
Pan = (p-+r)"—p"—™ 
Pan = 


Pon = (p--qy —p"—q" 
Pon = (+7) — q = 
Pon IAH — (gr) +9" +9" +. 


Thus unless one of p,q, or r is zero the final predication will be syadasti násti ca 
avaktavyasea. In many cases when the stimulus is far from the threshold, p or r will be unity. 
The subject will always, or never, say “this is bitter", or “this is illuminated". It is un- 
likely that q will ever be unity. So in this case syadavaktavyah will almost always be at best 
a provisional predication. Tt is however possible that p or r (say 7) should be small, but not 
zero. Ifso P5, Will reach a maximum for some value of n and then decline. For example 
if p = 6. q = -3, r = 1, P, reaches its maximum value of .5184 when n = 4. 

[ have dealt with a case which arises when the question asked is as simple as possible. 
Human judgements are generally more complicated. We may attend to the data of several 

different senses, and of our memories. Thus we arrive at one conclusion from one set of data, 
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and another from another set. We say that wood is hard when compared with clay, soft 
when compared with iron, indeterminate when compared with similar wood. N 

The close analysis of vision with a dark adapted eye shows that in this case at least, 
Mahalanobis was correct in regarding the saptabhanginaya as foreshadowing modern statistical 
theory. It appears that when dark adaptation is complete, about five quanta of radiation 
must arrive within a short time in a small area of the retina before light is reported. Whether 
they will do so with a given intensity of illumination can only be stated as a probability. 
It is probable, though not by any means certain, that more complicated judgements depend 
on similar probabilities of events within the central nervous system. 

Whatever philosophers of other schools may think, a Jaina can hardly object to re- 
cial kind of animal behaviour. In this he agrees with 


Attempts at a logical classification of animal behaviours 
d3. Thus Haldane 


garding human predication as a spe 
followers of Darwin, such as myself. 

frequently lead to a separation of 2"—1 types, where however n may excee 
(1953) classified the possible results of learning in an animal as follows. In any situation an 
animal will, or will not. give a certain response À, say eating a particular type of food within 
a minute of its presentation, or lifting its leg within ten seconds after an auditory signal is 
given. 
are the set of possible situations in which an animal may be placed before 
E, they fall into four categories, r7, rR, Ë r, and RR. A situation 
response is not given before or after the experience. A situation > À 
E, but not before E, and so on. All situations may be zr. For 
Some may be rr and some >Ë. For example 
ter to his master can learn to do so 


lf we comp: 
and after an experience 
rris one in which the 1 
is one which it is given after 
ght a dog to write. 
bring objects from the wa 
iments a dog which previously only salivated (R) wlien 
other stimuli are given. Thus for such a dog 
n easily be seen that the effect of any 
e situations in which it can be placed 
hus 2!—1, or 15 qualitatively 
ter an animal's behaviours. 
terminate response. If it 


as I pointed out, 2—1, or 511 possible results. 
ison of the behaviour of two different: 


example no-one has tau 
à dog which did not previously 
In Pavlov's exper 
tain auditory or 
es r r, RR, and rR. It ca 
assified according as th 
f these classes. There are t 
h an attempt is made to al 


on command. 
given food will do so when cer 
all situations fall into the class 
experience on an animal can be cl 
fall into one, two, three, OT: all four o 
different results of an experiment in whie 
In this classification 
can do so, both before and af 
The same principles may be 

animals, or two different races 
ad that ancient philoso 


can 
oting our lives to commentaries on them. 


own thought has 


i is ass » to give an inde 
the animal is assumed never to give 


ter, there are, 
applied to the compar 
or species. 
phers anticipated all modern intellectual 


It is foolish to preter do more honour to their memories by 


developments. And 1 believe 
thinking for ourselves. as they I 
But if we do so it is our duty to point out cases wh 
tun parallel to theirs. I was unaware of Bisel 
to which I refer. ‘The fact that I reached a conclusion L 
both have seen the same facet of many-splendoured truth. 


that we, today, 


did, than by dev 
ere it turns out that our 


ws existence when I wrote the paper 
go like his own suggests that we may 


Bhadrabahu by meditation, I 


.y different methods, 
M Such methods will often 


e experiments on ani 
the view of Warren 


mals. 


No doubt we reached it by yo 
Hastings in his introduction to 


by thinking about the results of concret 
lead to different conclusions. This was 


Wilkins’ translation of the Bhagavad Gita. 
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“But if we are told that there have been men who were successively. for ages past. 
in the daily habit of abstracted contemplation, begun in the earliest period of youth, and 
continued in many to the maturity of age, each adding some portion of knowledge to the store 
accumulated by his predecessors, it is not assuming too much to conclude, that as the mind 
ever gathers strength, like the body, with exercise, so in such exercise it may in each have 
acquired the faculty to which they aspired, and that their collective studies have led them 
to the discovery of new tracks and combinations of sentiment, totally different from the 
doctrines with which the Jearned of other nations are acquainted: doctrines, which however 
speculative and subtle, still, as they possess the advantage of being derived from a source 
so free from every adventitious mixture, may be equally founded on truth with the most 


simple of our own". š 


If, on the other hand, the contemplation of one’s own mind, and that of the minds 


of animals, lead to similar results, such results are, perhaps, worthy of serious consideration. 
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Statistical M ethods and Scientific Inference, may 
author's opinion; stagnation and confusion of thought over 
failure to distinguish various different 


e common 
dingly various types of uncertainty appropriate 


Readers of my recent book 


have noticed that in the 
ve been due to th 


and the correspon 
uch evidence. 


a long period ha 
types of evidence, 
to an appreciation of s 

an exploration of the varieties of 
tep towards a recogni- 
fication, more detailed 


less than 
Tt takes one short s 
gs of à classi 
11, I believe, help others to engago 


The following Paper is much 
1 experience. 


norma 
and introduces the beginnin 
The illustrations given wi 


logical uncertainty i! 
tion of these varieties 
than that of my book. 

in a deeper penetration. 
E, A RANKING or THE LEVELS OF UNCERTAINTY 
thematical sti 


r uncertainty, 


atements may be made, each differing 


as follows : 
miles. 


ngful ma 


A series Of meani 
ts greate: 


from the one before by i 
Certainty. The mean distance of the Sun is € 
Uncertainty of Rank A. ean distance of the Sun is known as 2 Random 
Variable. y we have a known function Po) giving the pro- 
ig Jess than Z. Tf P(x) is continuous there will 


bability that th % 
thus be à known function Up» such that the probability that the true 
distance is less than tp shall be P. All percentile points of the distribution 
of the ran dom variable are know exactitude. The symbolical 


statement 


n with 


Pr < Xp) =P, 
the known functional relationship between P and zp. 


is then justified by 
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Uncertainty of Rank B. The percentile points of the distribution spoken of in À above, 
are not known, but probability statements may be made about them. 
Each then is a random variable, so that zpp' is the value of x such that 


Pr(zp < tpp’) = P’, 
or, in a more elaborate notation. 
Pr{Pr(u < xpp') > P) = Ph 


and app: is a known function of P and P’. 


Uncertainty of Rank C. If, however, tpr is not known with certainty in terms of 
P and P', but if given P and P' it has a known distribution as a random 
variable, the uncertainty may be said to be of rank C. 


Evidently an unending series of such ranks is defined by an extension of 
the same process. 


Since in statistical discussion it is common to speak of a probability as an 
unknown quantity, appropriate ranks should be assigned to such statements as 
follows : 

Certainty. The Event will occur. 
Uncertainty of Rank A. The Event has a known probability, 7. 


Uncertainty of Rank B. For all P a function zy is known such that the probability 
that z is less than 7, is exactly P. 


Uncertainty of Rank C. mp is given as a random variable, such that a known func- 
tion of P and P', namely pp» shall exceed mp with frequency P'. 


In respect to the success or failure of an Event, it will be noticed that tho 
statements of probability a priori and a posteriori of Bayes are both statements with 
uncertainty of Rank B. A gambler’s statement that he has a probability of one 
in 36 of throwing a pair of sixes leaves the Event with the simplest kind of uncer- 
tainty, of Rank À. 


2. BETS AND SIDE-BETS BASED ON UNCERTAIN INFORMATION 


It might be thought that information at the levels of deeper uncertainty, 
C, D, Ë etc., is necessarily so tenuous and remote that there is no practical advantage 
to be gained by possessing it. Ido not believe that such an opinion should be formed 
hastily. The gain immediately in view is. indeed, no more than the clarification of 
thought, but such clarification is not necessarily without practical advantages. The 
primitive method of exploiting a knowledge of probability (Rank A) for personal 
advantage is by laying advantageous bets; for although every particular event 18 
recognized to be uncertain, a man (A) who believes that, in throwing a die, an Ace 
will be turned exactly once in six trials. will ipso facto be aware that if he can bet 
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four to one against the Ace, or 4 to 21 in its favour, though he may often lose, yet 
on his data, and in the long run, his bet will certainly be an advantageous one. 


Now it may be that the information available is not so certain as 4 supposes: 
a second gambler B may be aware that there is variability among the dice in the 
box from which A has chosen one at random, and although he may have no know- 
ledge of which has been chosen, if he has, or thinks he has, information to the effect 
that quite 10% of the dice in this box will throw an ace more than once in five trials, 


he will feel justified in accepting odds at 9:1 or higher in betting that A will lose 


in the long run, if he continues with the same die in his present course of action. 


Tt is easy then to perceive that C, who does not know and does not think 


he knows the percentile points of the probability of throwing an Ace, but believes 
he knows how the relevant percentile point will be distributed in a consignment of 
boxes, one of which has been used to supply the die in question, may know with 
confidence what odds he can profitably accept in betting against the success of B’s 
wager. Nor is C's information of the lowest rank that could be profitably utilized 
in such a sequence of side-bets. 
g operations I have described cannot be exhibited, I 
believe, in any orthodox gaming establishment, for the reason chiefly that they take 
too long, yet in Commerce and Finance very similar Ge are customary. À 
firm of contractors building a bridge will employ engineers who use tables of the 
strength of materials, and perhaps, empirical data on the frequency” of destructive 

th capable of jeopardising their work. 


floods, hurricanes or earthquakes, of a streng 
tainties of the strength of the structure, and its parts, 


In view of recognised uncer : 
they build in what are calle ty” at great expense, to cover, as they 
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hope, all rea . 7 ! Í 
ili d tally seek out an Insura an appropriate premium, or in other 
d I vi 1 š 

i h ° t 3 dds, will underwrite alrisk of the accidental destruction 

words at chosen odds, 


of the structure. They are in effect bettin, ane 
engineers will be shown to have been su Get 3 | | 
M ». even the simple investor risking his savings by buying ordinary 

OreOVERy Insurance Company. is in effect laying down a stake on the 
aps in an nsu will collect enough in premiums to cover the large 
; vas, above this to pay à reasonable dividend on their 


Although the bettin 
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easily be misunderstood, for an examination of a single box of dice could yield a pro- 
bability integral such as the ogive below : 


754 
50 


25 


than each percentage given 


Probability of throwing less 


15 16 SC 18 19 
Percentage of Aces thrown 


Fig. 1. Representing the kind of information on which B stakes his wager. 


so that a Consignment of such boxes might be thought of as yielding of a sheaf of 
such ogives. This, however. is an unintended effect of an imperfect example. For 
uncertainty of rank C it is intended that there shall be variation, and well specified 
variation, in the probability integral as shown on the ordinate at 16%, on the diagram, 
and likewise variation in the probability integral at other percentages, but it is not 
intended that C should possess knowledge of the covariation, or simultaneous varia- 
tion. of these several ordinates, such as a sheaf of distinct ogives would imply. 

Had the data supplied such a sheaf of ogives as would a consignment of 
boxes taken literally, the mean ordinate at each percentage would give a single ogive 
appropriate to the result of emptying all the boxes of a consignment into a single 
receptacle, and choosing a die at random from this. The uncertainty would then 
be of rank B. It might enable a gambler to bet successfully against B, and not 
merely about the suecess of B's wager. So long as only a single percentage of Aces 
is in discussion. and this percentage subject to betting at specified odds, this stipula- 
tion makes no difference. When inductive inferences have to be drawn, however. 
all possibilities must be comprehended. 


3. THE PROBLEM OF BINOMIAL DATA 


3.1. General formulation 

Towards the end of the seventeenth century James Bernoulli considered 
at great length. in his posthumously published work Ars conjectandi, what inferences 
could properly be drawn from a finite empirical record of successes and failures, on 
the value of the true probability of success. Either the work was never completed. 
or the author encountered unexpected difficulties, for the promise of the early chapters 
was never fulfilled. Two generations later Thomas Bayes, by introducing, in addi- 
tion to the data, the notion of probabilities a priori (regarded as possibly axiomatic) 


was able to deduce a definite frequency distribution for the probability, namely, 
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for a successes and b failures out of n trials, 


pa) s 
PR Sr: 


so that all percentile points were exactly definable by the incomplete Eulerian 
integrals. 

There are, indeed, cases, such as that laid down by Bayes for demonstrating 
his theorem, in which information of an a priori type based on a previous and in- 
dependent act of random sampling, are really available; and for these cases Bayes’ 
and his conclusion, with uncertainty of rank B, are exact. In most cases 
in the Natural Sciences. however, such knowledge a priori is lacking, and all efforts 
to express the inference proper to a rational mind, derivable from the observations 
ms of probability statements about the unknown probability p, have 
I propose to show that the exact inferences properly supplied 


argument, 


only, in ter 


been unsuccessful. 
data can be expressed in uncertainty statements of Rank C. 


In finding what probability statements of whatever rank may be inferred 
ability, 7, we shall be concerned with the probabilities, in 
random samples. of all possible conjunctions of possible values of 7, with all possible 
observational records. The actual observations recorded are then inserted as parti- 
ases known to be of the general class of random samples. to provide the parti- 
atements appropriate to the particular unknown from which 


by such 


about the unknown prob 


cular c 
cular set of probability st 


they were derived. 
ta. showing @ successes out of m trials. let e, stand for term of the 
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If P’ were, for example, 1% then one per cent of all contingencies will have 
P less than P’, and may be termed the first percentile of all contingencies. The 
boundary of this region, in which P = P'. defines the 1% value of 7 for each possible 
A, namely Tp). 

Since A has a known distribution independently of all else, its variation 
defines the sampling distribution of 7p, as a random variable. 


3.2. Formal analysis 
In a more formal notation we may denote by 7p, that function of P and A 
for which the known function of 7 and A 


a 


1 
E ¢,+Ac, 
0 


shall be equal to P, where 7p, is substituted for m. Then 7», will increase monotoni- 
cally with P, and decrease monotonically as À is increased, for all values of P and 
A, so that if P is less than P, it follows that 


Prin < Tp) = Pis 
for À = An, and 
Pr(z < Tp) > Py 
for À < An, 
But, unconditionally 
Pr(A < À) = An, 
Hence, dropping suffixes, 
Pr(Pr(n < nm) > P) =A, 
for all values of P and A. 


This is an uncertain, though mathematically precise, statement about 7 of 
Rank B. and therefore of Rank C. about the Event having probability 7. 


3.3. Verification 

A concrete notion of the probability statements inferred from simple binomial 
data may be gained from the experimental process of verification. Such processes 
are always laborious and their specification is no more than a means of making clear 
the exact meaning of the inferences to one who wishes to understand their relation 
to a possible experimental test. 

First, a random sample of n is taken and the number of successes counted. 
Secondly. a value of À is chosen at random so that it shall fall with equal probability 
within all equal ranges from 0 to 1. 
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Next zp, is calculated with P equal, for example, to .99, and B bet; 
1 that 7, the true probability of success, is less than Tp, . | D B's Im a = 
value with the true value 7, it is ascertained whether or not he has SE Se SC 
If for every possible sample he can encounter B gives to À all possible KH 
from 0 to 1 with even frequency, then it is demonstrable, and will be verified ex "s 
mentally that B loses his bet with a frequency of just 1%. mp, may Vind be 
called the upper 1% value of m deducible from the observations. It is, however, 


not known save as a random variable. 
: : z A e 
Gambler C may now observe that, in the particular circumstances in which 
as a definite distribution determined by the known frequency dis- 


B is betting mp h 
he material for betting with confidence on the 1% value 


tribution of A. He has t 
found by B for any particular sample. 


If it were thought that the values Ze: 
could be associated together as a recognizable sub 


ties, this would associate the percentile points for different values of P so as to specify 
their covariation in a way which would imply uncertainty of no more than rank B. 
No probability statements, however, true for all 7. can be deduced for such sub-sets. 


for the same value of A for different 
possible samples, -set of possibili- 


3.4. A numerical example 


As an example we may 
es only among 
) must lie in the range 


take a case such as that in which an event has 
happened three tim 14 random tests. The possible upper one per 
cent points (P = .99 bounded by the value of p at which the 
first three terms 

44 14pg?- 91 pu 


constitute exactly 1% of the distribution, and that for which the inclusion of the 
fourth term 

364p3q1 
brings the total to exactly this pereentage. The value of p required in the first case 


is 

Pr 478244, 
a i y 

nd in the second case d .556655. 

they provide the absolute 


f the distribution; 
values of the probability 


point of the possible 
le was drawn. 

d of arriving at values of p (or q) 
gned percentage of the whol 

d in the Introduction Ex. 2. 
of the binomial expansion are to 
Doubling these numbers we use 
o at the 1% point then 


e the limits 0 
he upper 1% 
hich the samp: 


These constitut 
inequalities satisfied by t 
in the population from W 

The simplest metho a 
sum of a binomial series equal to an assi 
use of Table V of Statistical Tables as explaine 


In the first case three out of the 15 terms 
be contrasted with the remaining twelve He. i 
The table for the Variance Rati 


6 for n, and 24 for ns. 
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gives 3.67. Multiplied by 6/24 this corresponds to the ratio of "sums of squares" 
0.9175. and so to p — .9175/1.91 75 or 
p, 41849. 
A more accurate value is obtained from the corresponding value of z given 
on the page facing, namely .6496; doubling this and taking the Naperian antilog. 


the variance ratio comes to 3.66637. and the lower limit of the distribution of the 
upper 1% point, to 


pı — 418240 | 
correct to two more places. The table of z, for the range of percentile values for 
which it is available. will be suitable for determining the end points of such distribu- 


tions. 
For chosen values of p between these end points. the corresponding values 
of A will be required. These are calculated directly from 
A = (0.01 —cp—C, —Co)/C3 
in which co, C1, etc., stand for the successive binomial terms. 
In the present case I find : 
P% À 
48 .01101 
49 .07966 
50 .15890 
51 .25156 
52 .36121 
53 .49258 
54 .65160 
55 .84584 


The values of À supply the probabilities of the random variable falling below 
the values of p indicated. The ordinates of the curve are to be found from the value 
of 

y = dAjdp, 
for constant values of P. and these in the case of the binomial distribution take the 
simple form 
pe H 
p q 
in which the coefficients are the observed numbers of occurrence and non-occurrence 
of the primary event. The ordinates take the finite values. 
3 and a. 
Pi 1—P2 


À. 


at the termini where p takes the values p, and ps. The range must, generally speak- 


i be commensurate with the reciprocal of the total number observed. This is an 
ing. be co ; 
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order of n k 
naenitude w D TO CO WI 
g e v hich, is the sample size increases tends to ze th 
d mpared 


the standard deviation of the estimate 
Va(l—m) in ; 


the recogniti 
nit; "i 
appro 5 tion of uncertainty of Rank C may therefore be regarded 
propriate to the exact treatment of sich. samples garded as a refinement 


Fig. 2 shows the distri i upper o point ir e case considered 
Tig. 2s > )ution of the e int thi 


25 


52 54 58 


p per cent 


46 48 50 


ata for an unknown probability. 


tion of the upper 1% point indicated by the d 
limit 47.82, upper limit 55.67) 


Vig, 2. Distribu 
( lower 


m is tho true value of the probability of an event of which all that is known is that it has been 
observed 3 times in 14 trials. 


(a) No value for m can be asserted. 
(b) No value can be stated such that the probability of 7 exceeding that valuo is 1% (or any 
variable, as shown in this Figure. 


other pereentage)- 
d as a random 


o value can, however, be specifie 


(e) Sucha 1 
(c) provided by the 
ar value found was 
ution of 7; it would be equally illegiti- 
s such as that of Bayes, in which the 
n, to choose à value at random from 


lar value found in this way was the 
7 were known, but 


e the distribution 


mate to sampl 
that the particul 


n of asserting 
the distrib 
ase 


d not be legiti 
the intentio! 
hem for 
reason: inc 
of this unknow 


t the particu 
he true value of 


It woul 
observations with 
the 1%, point provided by t 
mate, and for exactly the game 
data provide a distribution (b) 
this distribution, and to assert tha 
value of z provided py the data; or, finally, if t 

209 


Vor. 18] SANKHYA : THE INDIAN JOURNAL OF STATISTICS [ Parts 3 & 4 


the happening of the event were still uncertain, it would do nothing to diminish this 
uncertainty to use the apparatus of gambling to see whether an event with exactly 
this probability did or did not occur in a random trial. Such so-called randomisation 
tests, proposed in the name of Decision Functions, serve only to obscure the elucida- 
tion of the particular nature of the uncertainty in which observations of a given kind 
leave the rational observer. 


In binomial sampling the case in which all the experimental tests give like 
results, as, for example, if no success had been recorded in 14 trials, deserves special 
notice. For in such cases it would be possible for 7 to be zero, so that the range of 
any percentile point is from zero to 


p-i—Ppun 
as its upper terminus. 


Since now, 
Ag = P, 


it is clear that À cannot b e less than P. and that in a fraction D of all cases the per- 
centile of the distribution of z represented by 7, is included in a condensation at 
zero. The remainder of the distribution may be represented as a frequency curve 
with area 1—P, between zero and its finite upper bound. 


The ordinate, 


y= 14 À 
q 
varies from y = 14P to l4/Pu, 
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ON UNBIASED ESTIMATES OF UNIFORMLY 
MINIMUM VARIANCE 
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1. SUMMARY 


atistical framework let T be the class of all estimates that are the 


ates of their respective expected values. Let 
T. The main conclusions of the paper 


Tn a given st 
uniformly minimum variance estim: 


T, denote the class of bounded estimates in 
may then be outlined as follows. (i) There exists a statistic such that T, is the 


class of all bounded functions of this statistic; moreover, every real valued function 
of this statistic is in T. It follows, in particular, that if tisin T,and w is a real 
valued function of t, then % is in T. (ii) T contains an unbiased estimate of every 
estimable parameter if and only if the framework admits à complete sufficient 
statistic. In this case, as is well known, T is the class of all real valued functions of 


cient statistic. 


Conclusion (ii) can also be stated as follows. 


work the maximum possible 
statistics has already been carri 
unique unbiased estimate, or t 
unbiased estimates of uniformly minimum 
+ and discussion 
are establishe 
be, a subset o 
ative distribu 


nite measure. 
ntial to conclusion (i). 


the complete suffi 
Suppose that in the given frame- 


le space by means of sufficient 


reduction of the samp 
ed out. Then either each estimable parameter has a 


here exist estimable parameters that do not admit 
variance. 

of the above conclusions is deferred 
d under the mild restriction that the 
f the m dimensional Cartesian 
tions of the sample point admit 
Tt is shown by an example 


A more precise statemen 


to later sections. The conclusions 
sample space is, or may be taken to 
< 00), and that the altern 
t to a fixed o-fi 
mates is esse 


space (1 < m 
density functions with respec 
that the restriction to pounded esti 

9, INTRODUCTION 
and suppose that Y is distributed in X 
en set P of probability measures p. Let g 
n P. gis said to be estimable if 
uch that the variance of t 
ular unbiased estimate of 
d that of any 


Let X be a sample space of points z; 


according to some unknown one of a giv 
a real valued function 0 


be a real parameter, that is: 

s at least one unbiase i f g, say pu 
pose that g 1$ € . À partic 
if the varia f 1, does not excee 


there exist 
is finite for each p. Sup 
9, ty say, is said to be efficient at Po 


nce © 
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T y cient 
her unbiased estimate when x is distr ibuted according to Po: to is uniformly e 

ot. m f ff 

16 ty is efficient at each pin n. 


A theory of uniformly efficient estimation Wasi dovoloped by m 
Scheffé (1950, 1955). This theory includes the following application hil a | em e 
of Ban and Blackwell. Suppose that there asia a PRA statistie, y Fa : pa 
say, such that the set of alternative distributions of y is complete, : oe is 
to SE there exist no unbiased estimates of zero that depend on z only eee E 
except for the trivial estimate t(y) = 0. Such a statistic is called a complete su - 
cient statistic. In this case, according to Theorem 5.1 of Lehmann and malate 
(1950), every estimable g admits a uniformly efficient estimate; moreover, the uni- 
formly efficient estimate of a given g can be characterised as the unbiased estimate 
that depends on x only through s and is of finite variance for 
tively, as the conditional expectation of ¢ given y, where ( is 
such that the variance of ¢ is finite for each p. 


each p, or, alterna- 
any unbiased estimate 


As may be seen from examples (cf., Girshick, Mosteller and 8 
Halmos (1946): Rao (1946, 1949); Lehmann and Stein (19 
(1950, 1955)) the theorem just stated provides a powerful technique for the discovery 
(or verification, in case a likely estimate is on hand) of the uniformly efficient estimate 
of a given y. It can also be seen from examples, how 


ever, that this technique is not 
always available, that is to say, a complete sufficient statistic ma. 
case (cf., Lehmann and Scheffé (1950); Lehmann and Stein ( 
of this paper is to show, under certain technical qualificat 
is available whenever every estimable 
related conclusions, which are trivial 


but which happen to be valid in gener 


avage (1946); 
50); Lehmann and Scheffé 


y not exist in a given 
1950)). The main object 


ions, that this technique 
g admits a uniformly efficient 
ly true if 


al, are also 


estimate. Some 
à complete sufficient statistic exists, 
established (cf. para 1 of Section 1). 


to above is necessitated by the possible 
existence of unbiased estimates of zero that are of infinite variance, This difficulty 
of a statistic 


i eness is adequate 
for application to minimum variance estimati source of difficulty 
is that it may be impossible to ¢ ximum reduction of the given sample 

e cf., Pitcher, 1957). This difficulty is removed 
X is, or may be taken to be, a Borel set of the m-dimensional 
Cartesian space (1 < m < co), and that each p in P admits a probability density 
function with respect to a fixed c-finite measure, 


This assumption is valid in most 
experiments of statistical interest. including Sequential ones. 


The following Section 3 discusses efficiency at a point. 


E E À geometric charac- 
8 efficient at a given point is obtained (Theorem 1). It is 
pointed out that this characterisation yields necessary and sufficient conditions (a) 
in order that the Rao-Blackwell method of improving a given 


estimate always lead 
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to the efficient estimate, and (b) in order that the sequence of Bhattacharyya lower 
bounds to the variance always tend to the exact bound. These conclusions concern- 
ing efficiency at a point are used in Sections 4 and 5 to establish the main theorems of 


the paper (Theorems 4 and 5). 
The writer is indebted to his colleague C. R. Rao for pointing out that certain 


propositions closely related to the ones established here are treated in (Rao, 1952). 


An argument used in the paper just cited has enabled the writer to simplify the proofs 


of the main theorems of this paper. 
In the formal exposition of the following sections it is convenient and of some 
theoretical advantage to discuss subfields rather than statistics or measurable trans- 
Such technical terms as are used without explanation are defined in the 
) The relation between transformations, statistics, and 
Bahadur and Lehmann, 1955) and in (Bahadur, 
1955a), and conclusions concerning subfields established here can be formulated in 
other terms (e.g. as in Section 1) by reference to these papers. In particular, if (*) 
holds, then to all intents and purposes à subfield corresponds to a statistic, and an 
estimate measurable with respect to a subfield is an estimate that depends on the 


sample point only through the corresponding statistic. 


formations. 
first part of (Bahadur, 1954. 
subfieldsis discussed, for example, in ( 


3. EFFICIENCY AT A POINT 
Let X be a set of points 2. S a field of subsets of X. and P a set of probabi- 
lity measures p on S. The framework X, S, P will remain fixed throughout this sec- 
tion and the following ones. A parameter is a real valued function on P. An estimate 
is defined (without reference to any particular parameter) to be a real valued S-measur- 
able function of z. An estimate t is an unbiased estimate of a parameter g if t is 


P-integrable and 
(3.1) 


E,(t) = (P) for each p in P, 


D 


expected value when p obtains. 

the writing. this section and the following ones are written 
S-measurable set of p measure zero for each p in 
fied in the given case, many of the definitions, 
e accompanied, strictly speaking, by a 
le, the assertion that 4 is the ‘only’ 
an that if t, also has the property 
ally, the following convention is 


where E, denotes 


In order to simplify 
as if the empty seb Were the only 
ot satis 


a ition is M 
P. If this conditio to follow should b 


and conclusions 
qualification. For examp 
by is likely to me 


arguments 
null set statement or 


estimate with a certain proper» - p. specific 
then p(t) = 4) = 1 for each p © e A and B are sets in S, A = B means that 
observed throughout the ape dno if 1, an d ty are estimates, 4, = t, means that 

€ ions of inclusion and equality between 


(A— B)U)(B— 4) is p-null for e 
fx : ty(a) = t (a) =the whole spa 
e C 

classes of sets of X, and between 
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course, in terms of this convention. The interested reader may verify that in this 


paper the adoption of this convention does not lead to any real difficulty, partly 
because much of the discussion is in terms of subfields. 

It is assumed in this section that P is a dominated set. 
a measure x on S such that the following three conditions 
each p in P is absolutely continuous with respect to y; and 
tions dp/dy is square integrable with respect to x, that is, 


Let there be given 
are satisfied: y is 0-finite: 
each of the density func- 
S'(dpldnŸ du < co for each 
pin P. In most applications, / is a probability measure in P, or perh 
of the measures in P, but the following development is v. 
and P satisfy the conditions stated. 


aps a mixture 
alid provided only that y 


Let V denote the real linear space of all estimates / such that f du < oo. 


+ tdp and || t || = (t, yt. 


For tte V write (4:4) = fu We have 
: x 


E(t) = (t, dpldn) for all te V,peP. (3.2) 
Let W denote the subspace 


(= closed linear manifold) spa il ' set 
Se ) spanned by the se 


Let us say that a parameter g is w-estimable i 


Te f there exists ate V that satis- 

E d On According to (3.2), gis /-estimable if and only if there exists ate V such 

pane e F For any z -estimable g let U, denote the class of all estimates 
at are unbiased esti i i š 

tuia e estimates of o. Die easily seen that U, is a closed and convex 


An estimate lo is said to be a j i 
a L-efficient estimat i 
ll || = inf D te U}. Note s 


in P, a p-efficient estimate is simply an unbiased estimate of m 
Also, in this case, the set W is the subspace generated by 
toz. 


-to € U, and 
a probability measure 
inimum variance at y. 
the likelihood ratios relative 


Theorem 1 below asserts the 
mate, and gives a geometrical deseri 
theorem is virtually the same as tha, 
also Section 8 of Barankin, 1949), 
A similar treatment was given e 


se #8 ánd uniqueness of the /-efficient esti- 
ZEN of it. The mathematical content of the 
e d the Principal theorem of (Stein 1950), (cf. 
but the present Statement and i 

; roof si "n 
arlier by Basu (1953). : — 

Theorem 1: Let g be a n-estimable i 
d ANE parameter. (i) The set ; 

of one camada, to say. (ii) tọ = Te for every te U,, where TI is the ortho did o 
to W. (iii) t is H-efficient. (iv) to is the only /t-efficient estimate of " - 7 WE o 
and t # ty then |||] < [t]. os a. 
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Proof: Since IT is a projection, we have 
UI, wu) = (t, Iu) w (33) 
and || Me < pt |}, e (3.4) 
with equality in (3.4) only if II! = t. Moreover, since TI is the projection to W, 
W = ft : te V, lt =} = {It : te V} e. (3.5) 
(cf., Halmos (1951)). 
Choose and fix ate U, and define 


to = Tit. " (3.6) 


Then / € W, by (3.5) and (3.6). Also , for each p, 


(fy, dp/du) = (Mt, dp/dp) by (3.6) 
= (t, Il dp/du) by (3.3) 
= (t, dp/dn) by (3.5) 
= g(p) since t € Up, av NBN) 


so that /, € U,. Thus te U, and (3.6) imply t € U,(] W, and Ui! < UI, with equality 


only if t = t (cf., (3.4), (3.6). 
Since U, is non-empty by hypothesis. this last conclusion implies, in parti- 
cular, that U, n W is non-empty. We now show that U, () W cannot contain more 
than one estimate. Let to and /, be functions in U, W. Then 4, —/, = u say, is 
a function in W such that (x, dpldn) = (t. dpldn) (to dpldy) = g(p)—g(p) =0 
for each p in P, that is, wis orthogonal bel each dp/dj; hence w is orthogonal. to each 
Lin W; in particular, % is orthogonal to itself, so pes u=0. This establishes part 
EE * arts (ii), (iii) and (iv) are immediate consequences of part (i) and the 
ae This completes the proof of Theorem 1. 


conclusion of the preceding paragraph. : 
at IL is the projection, not to W as in the statement 


š se th 
- Rent i kg to a subspace containing W. It can then be seen from 
a e e ge: Ha the following is still true : if t e U,, then ly = Tle U, and 
^e above proot * j 


i ity unless t = to 
í ith strict inequality u 
fol] « it], with stri ased estimate, due to Rao (1945) and 


. m vin; e ss T  statisti 
Bl + mele d e e its condition bei 3 H a dp SS, 
zw 47), is repta : in remark 1 above. To be precise, 
B rcs yin As : ES S e of the one mentioned in remar d, d d f 
This method is a special SE san ait field of $ such that each ho o = Pa 
Suppose z (X) < 00, and let So jo fanotion. For any S-paitiegeatle une jon ; ° 
each tin W) is an S,-measurab 9 thatis, Ct is the unique S-1-integrable 


jon o 
denote the conditional expectation 


a given unbi 
alex 


f igiven Sv: 
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function such that [du = f Ctdy for every Sy-measurable A. It follows easily from 
A A 


well known properties of conditional expectation that, regarded as an operator on 
V, C is the orthogonal projection to the subspace of S,-measurable estimates (cf. Moy 
(1954), Bahadur (1955b)). Since this last subspace contains W, remark 1 applies to C. 

It is interesting to examine whether the Rao-Blackwell method not only im- 
proves a given estimate but actually yields the -efficient one. The preceding discus- 
sion shows that this last will be the case, for every #-estimable g, if and only if W is 
the class of all Sy-measurable funetions in V. Consequently, in order that the Rao- 
Blackwell method always yields the yr-efficient estimate, Sy must be the smallest field 
such that each dp/du is Sy-measurable. This necessary condition is, however, insuf- 
ficient. Some necessary and sufficient conditions are given in (Bahadur, 1955b). 
One of these conditions may be stated as follows. Let us say that W is algebraic if 
it contains every constant estimate, and if for any bounded estimate ¢ in W, @ is also 
in W; and that W is bounded if the set of bounded estimates in W is everywhere dense 
(in the L, sense) in W. Then, with S, the smallest field such that each dpldu is So- 
measurable, W is the set of all Sj-measurable estimates in V if and only if W is algeb- 
raic and bounded. 

Remark 2: As a counterpart to remark 1 above, let II be the projection to 
a subspace of W. It then follows from Theorem 1 that corresponding to each y- 
estimable g there exists a function in the subspace, {* say, such that [lt = ¢* for 
each te U,. Consequently, ||| > || ¢*|| for each te U,, the inequality being strict 
unless ¢ = #*. 

The preceding remark describes a general method of obtaining lower bounds 
to the variance of unbiased estimates, of which various bounds in the literature are 
special cases. In particular, in case P = {pọ : Ü in a real interval}, dpo = f(x, 0)dA 
where À is a o-finite measure, and y = po,, then under suitable regularity conditions 
(cf., Stein (1950)),the n-th Bhattacharyya bound to the variance, b,(g) say, may be 
obtained from remark 2 by letting II be the projection to the subspace spanned by 
ho: hy, ..., and hp, where h(x) = r-th partial derivative of f(x, 0)/f(x, 07), evaluated 


at 0 = 05, r =0,1,...,...2. It follows from the derivation outlined here that lim 
nw 


b,(g) = variance of the 0,-efficient estimate of g(when 0, obtains), for every 0,-esti- 
mable g, if and only if each likelihood ratio f(x, 0)/f(w, 9) is in the subspace spanned 
by {h,:7 =0,1,2,...}. The reader may verify that this condition is always satis- 
fied if we can write f(x, 0) = a(x) . f(0). exp[0s(z)], —oo < 0 < co. 


4. UNIFORM EFFICIENCY 


In this section we consider the framework X = (2), S,and P = (p) of the 
preceding section. It is not assumed for the present, however, that P is a dominated 
set. 

Let U denote the class of all S-measurable estimates t(x) such that 


L(t) < co for each pe P. "EAS 


216 


ON UNBIASED ESTIMATES OF UNIFORMLY MINIMUM VARIANCE 


e if U contains an unbiased estimate of g: g is 
bounded unbiased estimate of g. Clearly, each 
If g is estimable. a particular unbiased 


A parameter g is said to be estimabl 
boundedly estimable if there exists a 


boundedly estimable parameter is estimable. 


estimate of g, fy Say. is uniformly efficient if for any unbiased te U we have 


E) < EP) for each p in P. 


Now let Sy be an arbitrary subfield of S: We-shall say that Sọ is complete 
if ¿=0 is the only S,-measurable unbiased estimate of zero in D; S, is boundedly 


complete if ¢ = 0 is the only bounded S,- measurable unbiased estimate of zero. 


Theorem 2: If there exists a sufficient and complete subfield. then every estimable 
' 
parameter admits a uniformly efficient estimate. 


The proof of this theorem is virtually the same as that of Theorem 5.1 of 


Lehmann and Scheffé (1950) and so is omitted. It follows from the omitted proof 
that if Sp is sufficient and complete. the uniformly efficient estimate of a given estima- 
ble g is unique, and can be described as the Sp-measurable unbiased estimate in U, or 
alternatively, as Ct, w and (4.1) and C denotes 


conditional expectation given So: 


here / is any estimate satisfying (3.1) 


The above descriptions of the uniformly efficient estimate suggest that there 


subfield Sọ that is sufficient and complete. It can be seen from the 


can be at most one 
and sufficient sub- 


following theorem 
field, if it exists, 


that this is indeed the case, since the necessary 
is unique (ef. Bahadur, 1954). 


Theorem 3: Lf So is sufficient and boundedly complete. then So is necessary. 


It may be noted here that this th 
the necessary and sufficient subfield. 


eorem does not presuppose the existence of 


Let S" be an arbitrary but fixed sufficient subfield. We have to show 
Consider a set Ac ën Let x denote the characteristic function of A, 
_oon X—A. Let d be the conditional expectation of 
al expectation of ó given S, Then 


Proof : 


that S, C; 8” 
that: is, y = 1 02 A and 


i / ition: 
y given so, and Y the conditi 


o<¢<l, 0<y<1 (4.2) 


wä BU) = E) = B(x) = p(A) for p € P. (4.3) 
and (4.3), 


Then ż is à bounded unbiased estimate of zero, by (4.2) 
eteness 


rable since X and y are. Consequently, by bounded compl 
y. Since = x this last relation implies 


Write t = yy 
and t is Sp-meas™ 
of Sot =o Hint 18; X = 

ws (4:4) 


gd 2 
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It now follows from (4.4), the definition of y, and the S,-measurability of y. by a 
well-known property of conditional expectation, that 


E(x) = Elx Y) = E {x . ó) for pe P. — (4.5) 


We see from (4.3) and (4.5) that 


EAXU—¢)] = EAn] = 0 for pe P. … (4.6) 


It follows from (4.2) and (4.6) that ó = y. Since ó is S°-measurable by the definition 
of ó, y is S"-measurable, so that À is in S°. Thus À c S, implies A c 5% This 
completes the proof of Theorem 3. 


The following theorem is a converse of Theorem 3. 


Theorem 4: Suppose that P is a dominated set. If every boundedly estimable 


parameter admils a uniformly efficient estimate, then a sufficient and complete subfield 
exists. 


The proof of this theorem (as also of Theorem 5 below) is postponed to the fol- 
lowing section. 


In the general case, let 7" denote the class of all uniformly efficient estimates, 
i.e. / c T if and only if ¿e U and ¢ is the uniformly efficient estimate of y defined by 
(3.1). Now, if a complete sufficient subfield exists, 7’ can be characterised as the class 
of all estimates in U that are measurable with respect to this subfield. This suggests 
that in general (irrespective of whether a complete sufficient subfield exists) 7’ can 
perhaps be characterised as the class of all estimates in U that are measurable with 
respect to some (not necessarily sufficient) subfield. 


A related conjecture is that if 
tis in T. and we U is a function of t. then w is in T. 


It is shown in Section 6 by an 
example that neither conjecture is valid in general. The following theorems show. 


however. that both conjectures are ‘nearly’ valid. The near validity of the second 
conjecture was demonstrated earlier by Rao (1952). 


Let T, denote the class of bounded estimates in T. Note that T, is non- 
empty. since it certainly contains every constant. 

Theorem 5: There exists a subfield Sy such that (à) T, is the class of all bounded 
S,-measurable estimates. (ii) every Symeasurable estimate in U is also in T. and (iii) 
S, is necessary and complete. 

Theorem 6: Ifo (Z2 2) is a Borel measurable function of k real variables, 
and if u = dh ts 1) is in U. where ty. lo, … and ty are in T,, then u is in T. 

di : q se 
Proof: Since the f; are S,-measurable by Theorem 5. and ¢ is Borel measur- 
Ble. it ilos that is an S,-measurable function in U, and sou e T by Theorem 5. 
able. it fo $ à , s 
eT letes the proof. It is clear that Theorem 6 and its proof can be generalised, 
is complete: s Á | Ç 
rtwise limits of functions of estimates in T. 
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Theorems 5 and 6 it may be worth while to note that if 


In connection with 
A less trivial (and perhaps less useful) sufficient condi- 


X is a finite set then 7, = 7. 


tion for the same relation is that P be a finite set. 


5. PROOF OF THEOREMS Í AND 5 


DE 


We shall first establish Theorem 5. It will be seen that a continuation of the 
same argument then yields Theorem 4. Tt is convenient to present the argument as 


a series of propositions, as follows. 
The classes U. T. and T, of estimates are defined in the preceding section, 
t Sa be the smallest field of sets of X such that each estimate in T, is S, measurable. 


_ let N, denote the class of all unbiased estimates of zero, and N, the subclass 
ed estimates of zero that are also in U. 


e (cU is in T if and only if 


Le 
Further 


of all unbias 
»e N for ever 
Lee N, for every 


Proposition 1 : An estimat 


se Ns. 
Proof: Fora proof of this well known and important proposition see, for 
example, Lehmann and Scheffé (1950), Theorem 5.3. 
Proposition 2 : T, is an algebraic linear manifold. 
Proof: We have to verify that (i) T, contains the estimate t(x) = 1, (ii) 
u. v e T, implies au fv c T, for all constants 2 and f, and (iii) t € T, implies À € T 
For example, to establish (iii) 


based on proposition L 


zis in Ny, by proposition ls 
Hence t.(t. z) = Ë .2 is in Ny, by proposition d. 


ws from proposition 1 that @¢ T, and so Pe Tus 
Rao (1952). 


Since ¢ is bounded, it follows 
Since 


since À 


These verifieations ean be 


consider 2 z € Ns. Then ¢. 


that t.z is in fact in Ns. 
rary, it follo 


ze N, is arbitr 
oof of (iii) is due to 


This pr 


and fix a finite measu 


is bounded. 
r any S-measurable func- 


Now choose re A on 8, and fo 


tion f(x) let | ll = Y f? dp. 


Proposition 3:1f f is So 


such that lim If — tll 
n 


-mea surable, and || f || < ©: there exists a sequence 


= 0. 


iym T, 
let V denote the normed linear 


] identification of functions 


For the purposes of this proof only. 
asure, this last identi- 


asurable f with Il < 0» with the usua 
asure zero. Since H is an arbitrary me 


ecessa ame as the one used elsewhere in 
necessa i š de. 
s a finite measure; and since each / m T, is à (literally) bounded 


we have mq, C. V: Let We have 


Proof : 
space of all Some 
that differ on a set of Me 
fication is not rily the $ 


rate, since / i 
able function: 


this paper. At any 


Y be the closure of Ta: 


So-measur 
e E m 

to show that y = V. 

p, is a linear ma 

2). it is cle 


ons, including the constants 


Since nifold of bounded functi 

(ef à von ar that Y isa bounded subspace. and that Y contains the 

cr. propos! 
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constants. We shall now show that if f is a bounded function in Y then f? is in Y, 
Given a bounded f in Y, let {f,} be a sequence in T, such that 


lim ||[t,—f|| = 0. sox (50) 
oo 


n> 


Let k be a positive integer, and let c, be a cons tant such that |/, (z)| ern, We then 
have |ltt,—tz f ||< c, |l, —f || for each n. Hence, by (5.1), 


lim ll te ty —4 f li = 0. 4s. (5.2) 
n=% 


Since T, is an algebraic linear manifold (cf. proposition 2), and since 
2 


tt, = Ct) — C2, we have t,t, ef, Ib now follows from (5.2) that 
L fe Y … (5.3) 


for every k. Let c be a constant such that |f(x)| X c. We then have 
lit f —f ? | < clt, —f || for every k. Hence 


im li JPA = 0 ve (5.4) 


by (5.1). It follows from (5.3) and (5.4), as desired, that Dei, 


Thus Y is an algebraic and bounded subspace. It follows (Bahadur, 1955b) 
that there exists a subfield of Sy, say S°, such that Y is -equivalent to the set of all 
S°-measurable functions f with || f || < oo. Since T, E Y, it follows from the definition 
of S, that this 5% must be equivalent to 5, and hence Y = V. This completos 
the proof of proposition 3. 


Proposition 4: If teU, and tis Sç-measurable, then ¿e T. 


Proof: Let t be an Sy-measurable function in U. Choose and fix a p in P 
and a zin N, Since E,(t?) < 00, it follows from proposition 3 with jJ = p that there 
exists a sequence {f,} in T, such that E,(t,—t)?>0. Since E,(2?) < co, it follows 
that Ej(f,z) Ej). However. EA) = 0 for each n, by proposition 1. Hence 
Bi, (tz) = 0. Since p c P and ze N, are arbitrary, it follows from proposition 1 that 
1c T, and this completes the proof. 


Proposition 5: S, is necessary and complete. 


Proof: Let A be a set in S, and let y denote the characteristic function of A. 
Then ye T by proposition 4. Consequently, if S? is any sufficient subfield, y must 
be S°-measurable, for otherwise the conditional expectation of y given S? would be 
nd better unbiased estimate of g(p) = p(A), by the theorem of Rao and 
Hence A e S° whenever 5? is sufficient. Since A e S, is arbitrary, it 
To show that Š, is complete, let (e U an Sy-measurable 


a different a 

Blackwell. 

follows that S, is necessary. 
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mnbinesd estimate of zero. Then is the uniformly efficient estimate of zero, by pro- 
position 4. Hence ¢= 0. This completes the proof. M. 
V 4 1 
We may note here that Theorem 5 is an immediate consequence of the defi 
me Si me ~ À s 
nition of S, and propositions 4 and 5. It remains therefore to establish Theorem 4 
This will be done by showing that if P is dominated, and 7 contains an unbiased esti- 


mate of every boundedly estimable parameter, then 5, is sufficient. 

Let Q be a countable subset of P such that Q is equivalent to P, i.e. p(A) = 0 
for all p in Q implies p(A) = 0 for all p in P. The existence of such a set Q is assured 
by Lemma 7 of Halmos and Savage (1949). Let Q = (Pas pa...) be an enumeration 


of Q, let Cy, Ca Dë constants such that 


> 0, EG < oc 


and define 
(4) = X c;p( A) 


for Ain S. We shall then say that y is a pivotal measure based on Q. 


For each q in Q, dg/dn is S,-measurable. 
It follows from (5.5) and (5.6) that we can 
d A is a measure. Hence 


Proposition 6 : 

Proof: Choose and fix aq in Q. 
write 4 = cq4-À where c is & positive constant an 
1 = c (dqldn) +(dA/dp), and so 0 < dq/du < (1/c). Thus dgldu is a bounded 
measurable function. 

Write f = dqldn, and define g(p) —Ej(J) 
estimable parameter. Consequently, by hypothesi 
mate of g in T, say t. articular, we have EA = EK). 


p in P. These relation 5) and (5.6), that 


for pin P. Then g is a boundedly 
s, there exists an unbiased esti- 
In p E£) < EK f?) for all 
s imply, using (5. 


B,(t) EA for p € Q; {Pay < {Pap (5.6) 
tricted to the set Q. Since dnldu is 


r the moment that p is res 
n Q by the first paragrap 
f Section 3 can be applied to d 
on Q. This application shows 
also the i-effi cient estimate of the same parameter. 
efficient estimate. Thus fis a bounded estimate in T, 
the definition of So that f = dgldn is S,-measurable, 


h of this proof, and since A is a finite 
etermine y-eficient estimates of 
that f = däldu is je-efficient. 
Hence 


Suppose fo 
bounded for each p i 
measure, ‘Theorem 10 
arameters 
by (5.6), t is 
ss of the H 
from 


H- estimable p 
Consequently, 
t = f, by uniquene 
ie feTy. It now follows 
and the proof is complete. 
Proposition 7: So is sufficient. 
Proof: Let Pı and p, be two me 


alent subset Q that includes p, and pe 
position 6 that dp; = f(x) Ue W 
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v eo e 
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Hence, by the factorization theorem for sufficient subfields. S, is sufficient for the set 


í à 
1P1> Der, 


Since p, and p, are arbitrary measures in P. it follows that S, is pairwise suffi- 
cient for P. Proposition 7 now follows from the theorem of Halmos and Savage (149) 
that in the dominated case pairwise sufficiency is equivalent to sufficiency. 


This completes the proof of Theorem 4. The proof shows that the conclusion 
of the theorem holds provided only that every parameter of the form g(p) = E,(dqid) 
admits a uniformly efficient estimate, where y is a pivotal measure based on Q. q is 
a measure in Q. and Q is a countable equivalent subset of P. 


6. AN EXAMPLE 


It is the object of this section to show by an example that a real valued fune- 
tion of a uniformly efficient estimate is not necessarily uniformly efficient. It follows 
from the theory developed in Sections 4 and 5 that in any such example a complete 
sufficient statistic does not exist; the class T' of all uniformly efficient estimates cannot 
be characterised as the class of all square integrable functions of some statistic; there 
exist estimates in T' that cannot be approximated (in any reasonable sense) by bounded 
estimates in 7’; and both the sample space X and the set P of alternative distributions 
on X must be infinite. 


To construct such an example, let X be the set of points x = 0, 1, 2.... ad inf., 
and S the field of all sets of X. We shall choose the set P of alternative distributions 
of x so that T = the class of all linear functions of x. Such a choice of P evidently 
furnishes the required example. 


Let m be a probability distribution such that 


E, (2?) < co, Ena!) = co sm 101) 
and such that 
E,(%) = Enla) = 0 = (6:2) 
where z (z) = (—1)*. x? for z = 0, 1, 2, ... 2 (8:3) 
(1 ifr 0 
"e Am liar, z fa=1,2,.. + SS? 


It is not difficult to see that such a distribution m exists. Let p, = m. Next, let 


2/7 if z = 0 
4/7 ha 1 
dh, =š 6.5 
pio) = 1/7 Fm == Š (6 5) 
0 otherwise 
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.. let 


and for k= 2 
Hi +1)/41?—2 if x = k—1 
o9(D2 — 2 og SE Q =: d 
es 2(K n 2 if ¢= 
k(k —1)/442—2 if z = k+1 
0 otherwise. 


(6.6) 


Having thus defined Pp for integral values of @ in [0, 00), extend the definition by 
Specifically, for any 0 with 0 < 0 < oo, let k = k(0) be the great- 
(0) be determined by ak+(1—a)(k+1) = 0, 0<a<l, 
(1—2)Prs(2). Let P = {P : 0 < 0 < oo). 


linear interpolation. 
est integer < 0, let a = o 
and define p(x) = ap, (x) + 

To determine the class of uniformly efficient estimates in the framework 
X. S. P defined above, let the classes N, and N, of unbiased estimates of zero be defined 
as in the second. paragraph of Section 5. It follows easily from (6.3). (6.4), (6.5) and 
(6.6) that (zü) = 0 for 0=0,1,2,... and ¿=1,2. Hence E,{z;) = 0 for all 0, 
i— 1,2. Hence a+ is in Nj, for all constants @ and b. Now consider an arbi- 
Let a and b be constants (possibly both zero) such that with 
Za z (a) = 0 for z = 0 and z = l; it is easily seen from (6.3) 
and (6.4) that such constants exist. Then z, is an unbiased estimate of zero, and z 
gy = 0 and z = l. It now follows from (6.5) and (6.6) that we must have 


Hence z, = 418. 


trary z; in Ni. 
—bz, we have 


= 20%] 


vanishes for 
z (z) = 0 for all z. 
N, is the class of all estimates of the form az, +02. Tt fol- 
that N, is the class of all estimates of the form bz. 
proposition 1 that 7 is the class of all esti- 
This completes 


We conclude that 
lows hence by (6.1). (6.3) and (6.4) 
it now follows from 


Since z, is never zero, 
=. Le. of the form a+ fx, since 21/22 = z. 


e form az, 4-5: 
on of the example. 


mates of th 
the verificati 


REFERENCES 


Ann. Math. Stat., 25, 423-462. 


1 statistical decision functions. 


Ann. Math. Stat., 26, 490-497. 
Am. Math. Soc., 6, 565-570. 


(1954) : Sufficiency anc 


Statistics and subfi 
paces and subalgebras. Proc. 
‘sufficiency and stat istical decision 


Banaour, R. R. 
(1955a): 


elds. 


Measurable subs 


EHMANN, Ë. L. (1955): Two comments on 


R. R. and L 
th, Stat.. 26. 139-142. 


Ann. Ma 
Locally best unbias 


tions to The Theory of 


BAHADUR, 
functions.” 


E. W. (1949) : 


ed estimates. Ann. Math. Stat., 20, 477-501. 


D. Phil. thesis, University 


BARANKIN, 
Statistical Inference. 


Basu, D. (1953) : 
of Calcutta (un 


BLACKWELL, D. (1947) : 
18, 105-110. 


M. A, MosTELLER; F. 
ms with applications. 


Some Contribu 


published). 
Conditional expeetation and unbiased sequential est imation. Ann. Math. Stat., 


L. J. (1946) : Unbiased estimates for certain binomial 


Ann. Math. Stat., 17, 13-23. 
Ann. Math. Stat., 17, 34-43, 


and SAVAGE, 


GIRSHICK, 
sampling proble: 


Harwos, P. R. (1946): 


The theory of unbiased estimation. 


223 


Vou.18]  SANKHYÀ : THE INDIAN JOURNAL OF STATISTICS [Parts 3 & 4 
(1951): Introduction to Hilbert Space and the Theory of Spectral Multiplicity, New York, Chelsea, 
1-48. 


Hazmos, P. R. and Savace, L. J. (1949): Application of the Radon-Nikodym theorem to the theory 
of sufficient statistics. Ann. Math. Stat., 20, 241. 


LEHMANSN, E. L. and Srers, C. (1950) : Completeness in the sequential case. Ann. Math. Stat., 21, 376-385. 


LEHwANN, E. L. and Scuerré, H. (1950): Completeness, similar regions, and unbiased estimation. 
Sankhya, 10, 305-340. 
(1955): Completeness, similar regions, and unbiased estimation. Sankhya, 15, 219-236. 


Suu-TEH CHEN Moy, (1954): Characterisations of conditional expectation as a transformation on func- 
tion spaces. Pacific Journal of Mathematics, 4, 47. 


Prrcmer, T. S. (1957): Statistical problems that do not admit necessary and sufficient statistics or sub- 
fields. Ann. Math. Stat., 28, 267-268. 


Rao, C. R. (1945): Information and accuracy attainable in the estimation of statistical parameters. 
Bull. Cal. Math. Soc., 37, 81-91. 


———— (1946): Minimum variance and the estimation of several parameters. Proc. Camb. Phil. 
Soc., 43, 280-283. 


(1949) : Sufficient statistics and minimum variance estimates. Proc. Camb. Phil. Soc., 45. 
213-218. 


(1952): Some theorems on minimum variance estimation. Sankhyä, 12, 27-42. 


Srem, C. (1950): Unbiased estimates of minimum variance. Ann. Math. Stat., 21, 406-415, 


Paper received: September, 1957. 


w r nr 


E BEEN 


`x 


THE NATIONAL SAMPLE SURVEY 


NUMBER 9 


REPORT ON 
THE SAMPLE SURVEY OF DISPLACED PERSONS IN THE 
URBAN AREAS OF THE BOMBAY STATE 


JULY—SEPTEMBER 1953 


By 
SATYABRATA SEN 


WITH A FOREWORD BY 
P. C. MAHALANOBIS 


THE NATIONAL SAMPLE SURVEY 


NUMBER 9 


REPORT ON 
THE SAMPLE SURVEY OF DISPLACED PERSONS IN THE 
URBAN AREAS OF THE BOMBAY STATE 


JULY—SEPTEMBER 1953 


CONTENTS 


FOREWORD 2 by PO: Mahalanobis 
CHAPTER ONE : Introduction 


CHAPTER Two Summary of results Se 


CHAPTER THREE : Demographie statistics 
grap. 


CHAPTER Four Expenditure on consumption 
CHAPTER Five Income 
CHAPTER Srx Loans 


CHAPTER SEVEN : Housing and miscellaneous Statistics 


List of Tables 
Tables 


Facsimile of the schedule of investigation 


INDEX To TABLES IN THE TEXT 


CHAPTER ONE 


TABLE 1.1: Distribution of sample households by division, district and locality type 
CHAPTER THREE 

TABLE 3,1 ; Number of sample households and persons per household 

TABLE 3.2 : Distribution of households by their size ás 

TABLE 3.3 ; Percentage distribution of households by mother tongue ~ d 

TABLE 3.4 : Percentage distribution of displaced persons of Bombay by states from which they 
migrated : 1951 Population census T Su E d 

TABLE 3.5 : Percentage distribution of displaced persons by age groups .. 

TABLE 3.6 : Percentage of literacy (urba: x 


n areas) .. 


226 


Pace 


234 


AA 
A 
— ————MÁN 


NATIONAL SAMPLE SURVEY : SURVEY OF DISPLACED PERSONS IN BOMBAY 


TABLE 
TABLE 
TABLE 
TABLE 
TABLE 


TABLE 


TABLE 


TABLE 


TABLE 


TABLE 


TABLE 


TABLE 
TABLE 
TARTE 
TABLE 


TABLE 


TABLE 


Tanti 


TABLE 


TABLE 


TABLE 


TABLE 


TABLE 
TABLE 


TABLE 


3.7 
3.8 
3.9 


3.10 : 
3.11: 


3.12: 


3.13: 


4.1 


4.2 


4.3 


4.4 


5.1 
5.2 
5.3 
5.4 
5.5 


5.6 


6.1 


6.2 


6.3 


6.4 


6.5 


6.6 
6.7 


6.8 


PAGE 


Percentage distribution of persons by education standard x 
Percentage distribution of earners, earning dependents and non-earning dépendants 
Percentage distribution of economically active population by means of livelihood 
classes SS sg vá. ate 2 
Percentage distribution of economically active population by employment status 
Distribution of earners and earning dependents (non-earning dependents excluded) 
by livelihood classes with average number of days employed and average income 
earned per month per person s Ss + me je 
Distribution of earners and earning dependents (non-earning dependents excluded) 
by days of employment in a month with average income per person 

Distribution of households by pre-migration livelihood classes and proportions 
continuing the same activities during the period of the survey 


CHAPTER FOUR 


Comparative consumer expenditure of displaced and general population in rupees per 
household per month "T & e ae Gë ne ae 
Average of working class cost of living index numbers for the two periods, April- 
September 1952 and July-September 1953 "T M P e 

Percentage distribution of displaced households and general households in Bombay 
by levels of monthly expenditure T du e Se E 
Patterns of consumption of displaced hauseholds in different localities and of general 


households in urban areas of Bombay Si M. 


CHAPTER FIVE 


Average monthly receipt and expenditure per household in rupees 

Distribution of monthly receipts per household by sources of receipts 

Number and percentage of households depending partly or wholly on different 
sources of recoipts for meeting their consumption demands .. 

Number of households receiving and the amount received per household by 


type of sourco 
Number of households tak 


by types of securities 
Distribution of households by 


ing loans for consumption with or without interest 


income to expenditure percentage levels 


CHAPTER SIX 
Numbor of households with an amount per household of outstanding loans by types 


of loans e Sé B. s m 
Distribution of households by size of outstanding government and non-govenrment 
str s 


loans government loans and grants 


Receipt: a 
for different purposes in go 
Roceipts, utilisation and a Ge I 
i oses in other localities E. Ë 
b d e Wap ZEN and repayment per household of government loans and grants 
eceipts, e i 2 
i ses in all localities > 
ni Kee ec by tho amount of government loans received by them 
Se of households receiving government loans by percentage of utilisation for 
istributi o 


hich taken T A NT E T 

elena Keen of households receiving trade and professional loans by 

'ercen: s 
ntage utilisation for the purpose taken -- op 3 


s, utilisation and repayment per household of 
u 


wvernment colonies a Ai 
t per household of government loans and grants 


perce: 


227 


247 
247 


Vor. 18] SANKHYÀ: THE INDIAN JOURNAL OF STATISTICS [ Parts 3 & 4 


CHAPTER SEVEN 


TABLE 7.1 Distribution of households by types of possession of living accommodation 
TABLE 7.2 : Distribution of households by the number of rooms occupied 

TABLE 7.3 : Distribution of households by the area of floor spaco occupied 

TABLE 7.4 : Distribution of households by type of construction of living accommodation 
TABLE 7.5 : 


Distribution of households by type of construction of living accommodation 
TABLE 7.6 : Distribution of households by type of lighting 


TABLE 7.7 : Distribution of households by source of drinking water with average distance of 
source vs as ot n 

TABLE 7.8 : Distribution of households by number using the same source of drinking water 

TABLE 7.9 Distribution of households by source of non-drinking water with average distance 
of source s. = afi ag en hs 

TABLE 7.10: Distribution of households by numbers using the same source for non-drinking 
water .. .. - is Si .. 

TABLE 7.11: Distribution of households by type of latrines used with average distance of the 
latrines se E se Ss wis 

Taste 7.12: Distribution of households by numbers using the same latrines (structures) eg 

TABLE 7.13: Number and proportion of households preferring to continue the same means of 
livelihood as followed at the time of the survey .. 

TaBLE 7.14: Distribution of households by states preferred to live in 

TABLE 7,15: 


Distribution of household heads by degree of knowledge of local language 


PRINCIPAL PARTICIPANTS 


Design and Planning : Sum D. B. LAHIRI, Indian Statistical Institute 


Suet N. C. Gnosx, 


Field Work: Pror. H. Guosn, Chief Director, NSS (1953) 


Suar Š. KANNAN, Superintendent, Bombay Block, NSS (1953) 
Sarı S. C. Duar, Assistant Director, West India 


Suri H. K. CHATURVEDI, Indian Statistical Institute 


Processing : Sri J. M. SEN Gupta, Indian Statistical Institute 
Suri H. B. CHAUDHURY, 


Di 


Range, NSS (19 


72 
72 
13 


53) 


es e mms ee) ve 


THE NATIONAL SAMPLE SURVEY 


NUMBER 9 


REPORT ON 
THE SAMPLE SURVEY OF DISPLACED PERSONS IN THE 
URBAN AREAS OF THE BOMBAY STATE 
JULY—SEPTEMBER 1953 


FOREWORD 


The Indian Statistical Institute was requested in January 1953 to carry 
placed persons in the Bombay State. It was found from the 
about 88 per cent of the displaced persons in that State 
Tt was, therefore, decided to restrict the survey to urban 


0.1. 
out a survey of the dis 
records of 1951 Census that 
were living in urban areas. 
areas of the State. 

y was carried out from July to September 1953. An 


0.2. The actual surve 
draft report, prepared by Shri Satyabrata Sen of the Indian 


advance copy of the 
Statistical Institute, was sent to the Ministry of Rehabilitation on 8 February 1954 
m was submitted in October 1955. ; 


and the report in its final for 
0.3. The refugee problem arose out of the partition of India in August 1947. 
Even before the date of partition the movement of population into what later became 


the Indian Union had started. The influx continued on an increasing scale for 

sometime after partition, and although the intensity diminished considerably and 

became intermittent in time, it never ceased altogether. It appears that more 
people have moved into the Indian territory than out of it. 

0.4. Relief had to be provided immediately; but before any long-term plan 

tation could be formulated it was necessary to collect detailed informa- 

mmigrants. At the instance of the Government of India a number 

dertaken and carried out in 1947-48 by the Indian Statistical 

eastern and western India. The main purpose of these earlier 

the number of refugees and to obtain some information— 

ding their social and economie conditions. Later 

For example, a “Survey of Economic 

West Bengal” was made in January 1953 in a number of 

the extent of progress of rehabilitation and resettlement. 

bmitted in February 1953 to the Fact-finding Committee (appointed 

ehabilitation, Government of India) of which Shri Satyabrata 

The request for the survey covered by the present report came 


for rehabili 
tion relating to the i 
of surveys were UD 
Institute in parts of both 
o ascertain 
er—regar 
were also carried out. 


surveys Was t 
demographie and oth 
on, certain other surveys 


Conditions of Refugees in 
refugee colonies to find out 
The report was su 
by the Ministry of R 
Sen was a member. 


a little later. 
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0.5. The total number of displaced persons covered by the present survey 
was 2,94,000. The enquiry was mainly directed to finding out the position of the 
displaced households in respect of their size, age distribution, extent of literacy, 
nditure, indebtedness, housing conditions, 
preference regarding means of livelihood 


language spoken, income, consumer expe 
employment status, means of livelihood, 
and place of residence. 


0.6. It was found that a little over 50 per cent of households followed the 
old means of livelihood while the rest had changed their vocation, the largest shift, 
as could be expected, occurring from agriculture. Preference regarding means of 
livelihood showed that nearly 62 per cent of the households would prefer to follow 
the occupation which they had at the time of the survey. 

0.7. The present report is not exhaustive. 
show that a large amount of data w 
which a good deal of additional 


The facsimile schedule will 
ere collected on a wide variety of subjects from 


information can be extracted. In preparing this 


planning for rehabilitation, 


5 August 1957 P. C. MAHALANOBIS 
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REPORT ON 
THE SAMPLE SURVEY OF DISPLACED PERSONS IN THE URBAN 
AREAS OF THE BOMBAY STATE: JULY—SEPTEMBER 1953 


This Report on the Sample Survey of Displaced Persons in the Urban Areas 
the Bombay State was prepared by the Indian Statistical Institute and de bei : š fis i 
in the form in which it was submitted to the Government of India. The vi Ka q ae 
in this Report are not necessarily those of the Government of Indit Dee | 


CHAPTER ONE 
INTRODUCTION 


1.4. The sample survey of displaced persons in the Bombay State was 
organised by the Natrona Sample: Survey: (NSS) in July to September 1953 at the 
request of the Ministry of RARE Government of India. As 88 per cent 
of the displaced population in the State were concentrated in urban areas, the survey 
was confined to those areas only. The selection of sample households was Wb 
on the basis of DP slips of 1951 Population Census. Information regarding social 
and economie conditions of the displaced households was collected in the survey 
by interviewing the households. š 

1.2. The actual collection of data was started at the end of June 1953 with 
a few investigators who were recruited and trained just for this survey and all of 
whom were Sindhis. They were later supplemented by trained investigators of the 
NSS located in the Bombay State when one round of NSS investigation was nearing 
completion and another was to begin. The design of the survey, the questionnaires 
and the necessary instructions to the investigators were prepared by the staff of the 

Institute where the Technical. Wing of the NSS is located. The 


Indian Statistical 
analysis of the collected data and the drafting of this report were also done in the 


Institute. ` 
1.3. The information related to various aspects of their livés, namely, 


d occupational particulars, such as, age and sex of the members 
of the households, their education standard, economic status, means of livelihood 
and employment status; (b) earnings of the working members and various kinds 
of receipts by the members of the households with reference to a period of one 
month prior to the date of survey; (e) expenditure of the households by various 

d of one month preceding the date of survey; (d) loans 


items of consumption in a perio 
taken by the households from private and government sources and detailed particulars 


(a) demographic an 
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regarding type of government loans and the extent of their utilisation; (e) Ser: 
sanitation and water supply and also their knowledge about the local language an 
their preference regarding place of rehabilitation and occupation. 


1.4. The sampling was done in two stages. In the first stage, à eg 
of census tracts was selected and in the second, a sample of displaced households 
living in these census tracts was investigated. Since all the census tracts ES 
the major government colonies were located were included in the survey, the sample 
was composed of two types of displaced households, e.g., (a) those living m poveri 
ment colonies and (b) those living in other localities. In all 1349 genes 
could be completed in the survey and of these 880 households were living in 
government colonies and 469 in other localities, 


report have also been given with this breakdown o 
localities. 


The results of the survey in this 
f government colonies and other 


SAMPLING DESIGN AND THE WORK 


1.5. The survey was restricted to displaced persons living in the urban 
areas of the Bombay State. As only 12 per 


` cent of this population were living in 
rural areas and were scattered, they were excluded from the survey. Their inclusion 
would have pushed the cost of the survey disproportionately high. 

1.6. The Population Census of 1951 
population and the census sli 


ps were kept apart for special tabulation. These slips 
were used as the frame for sel 


The slips, however, related to individual 


rban displaced 

persons were living in these 43 tracts and thus, the coverage of the survey was 
extended to 98.6 per cent of the urban DPs of the State. 

1.8. The DP slips of these 

the Superintendent of Census, 

were sorted out from the rest. 


colonies and who were living in other localities, 
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at random, it was expected that colony and non-colony population would b 
matically represented in the sample and in the same relative proportions di 

1.9. The preliminary work for the survey was started as early as April 1953 
The work involved collection of full details regarding census material from Cen: : 
Authorities, selection of sample tracts, collection of DP slips from the different 
Regional Census Offices in the State, sorting of slips to obtain the slips of the 
household-heads, listing them and finally selecting samples from these lists. This 
work was completed by the end of June 1953. 


1.10. The actual work of data collection was started in Ulhasnagar Town- 


ship near Kalyan on 30th June 1953. On the first day, the Superintendent of NSS 
in the Bombay State accompanied by investigators called on the Administrator of 


the colony and the latter agreed to give all necessary help to the investigators. In 
addition to this help, the cooperation of the local influential persons and of organisa- 


tions like the Sindh Seva Samiti was very valuable. 
As the survey proceeded, it was found that locating the sample house- 


1.11. 
as given in the census slips was very diffi- 


holds on the basis of inadequate addresses 
localities, the census numbering of the houses was not so well arranged 


There were also cases where the houses 
at persons as stated in the slips 


cult. In many 
as to be followed casily by the investigators. 
could be located but the neighbours reported th 
never lived in them. Many of the houses could not be traced at all. The city of 
Bombay was the most difficult area. Many of the houses were white-washed and 
the census numbers were not visible. In some of the slips only the names of the 
imbers were given, and hence the investigators had to go from one 

he name to locate the household. They 


streets and no nt 
articulars available in post offices, 


end of the street to the other with only t 
also made use of all possible sources, such as p 
rationing offices, voters’ list etc. 

ult, although much more time than was expected at the 
ample households, the number of house- 


1.12. As a res 
ddresses given in the 


e searching of s 
aced or had gone away from the a 
d. Only 1349 out of 2795 or, about 48 per cent of 
s could be investigated. As the displaced 

would 


beginning was given to th 
holds who could not be tr 
large indee 


d from the list 
living together with the general population, it 
for sample selection containing only 


ld be high casualties it was 


census slips was very 
sample households selecte 
persons outside the colonies were 
be a difficult and costly job to prepare à frame 


the displaced persons. Even knowing that there wou 
decided that the frame would be based on census slips. When the cost is taken into 


consideration, there was really no practical way of getting a sampling nd other 
than the one used in this survey. The amount of work that went in the preliminaries 
of the survey was higher than was expected. Of a total volume of 86 man-months 
work, 32 man- months were spent for the preparatory work and 54 man-months for 


actual investigation. 
1.13. Because of this larg! 


to what extent these omissions hav 
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e proportion of casualties, a question arises as 
e vitiated the representativeness of the sample. 
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In the next chapter, therefore, wherever possible, the results of this soie | Ve 
been compared with the figures of the 1951 Population Census Kee the displaced 
persons. Comparatively stable features, such as beleet: proponon of torace 
occupational distribution etc. do not change appreciably within a period of two or 


three years and as it will be seen later, the agreement between the two sets of figures 
is satisfactory. 


1.14. A distribution of the sample households by the different divisions of 
the State, districts, census tracts and locality type is given in Table (1) at the end 
of the report but a summary of these figures is given in Table (1.1) below. 


TABLE (1.1) : DISTRIBUTION OF SAMPLE HOUSEHOLDS BY DIVISION 
DISTRICT AND LOCALITY TYPE 

=r EE 

number of sample households 


division district 


government other all 
colonies localities  localitios 
0 ^ (3) (4) G) ` 
1. Northern Deccan E. Khandesh 36 — 36 
Poona 10 50 Gt 
Nasik 4 27 31 
Ahmednagar 10 16 26 
2. Southern Deccan — — = — 
3. Gujrat Mehsana 1 3 + 
Panch Mahals d 15 in 
Ahmedabad 138 51 D 
Surat — 5 
Banaskantha — ; 
Baroda 13 12 2 
4. Greater Bombay Greater Bombay 53 204 SCA 
5. Konkan Thana 614 18 632 
6. total 880 469 1349 ` 


1.15. Of the 1349 samp 


le households, 880 were living in government colonies 
and 469 outside. The house 


holds in the government colonies were concentrated 
d mainly in Greater Bom 
Poona and Baroda. 


1.16. The proportion of households 


living in the government colonies to 
the total sample households is about 65 per cent. But the Proportion of persons 
living in government colonies to total persons of the sa: 


mple is 62 per cent (4288 persons 
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of 6914 persons). According to the figures supplied by the Rehabilitation Depart- 
ment of the Bombay Government, the total number living in government colonies 
in March 1953 was 179,000 persons. This figure is 61 per cent of the total urban 
displaced population of 294,000 covered by this survey. The agreement between 
the proportion of the sample and that of the population is very satisfactory. 


THE TABLES 


The main Tables with detailed figures are attached at the end of this 


T TS 

report. These can be arranged by subjects as follows : 
1. Number and distribution of samples Table (1) 
2. Demographic statistics Tables (2) to (10) 
3. Expenditure on consumption Table (11) 
4. Income Tables (12) to (16) 
5. Loans Tables (17) to (24) 
6. Housing and miscellaneous statistics Tables (25) to (41) 


In addition, summary tables have been given in the following five chapters where 
the more important results of the survey have been discussed in detail. 


simile of the questionnaire used in the survey is attached at the 
e various items for which the figures have been collected. 
But the figures on all the items have not been analysed and the results given in this 
report are by no means exhaustive. Only a selection has been made of those topics 
in which the Government of India is likely to be specially interested. 


1.18. A fac 
end of the report showing th 
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CHAPTER Two 


SUMMARY OF RESULTS 


INTRODUCTION 


2.1. The sample survey of displaced persons in the Bombay State was 
carried out in July to September 1953. 88 per cent of the displaced population 
having settled in the urban areas of the State, the survey was confined to those areas 
only. The coverage of the survey extended to 98.6 per cent of the urban displaced 
persons of the State, i.e., to 294,000 out of a total of 298,000 urban displaced persons. 

2.2. The investigation was done by persons specially 
for this survey all of whom were Sindhis. 
investigators during the interregnum between the completion of one round of NSS 
investigation and the commencement of another. The design, 
instructions to investigators, analysis and the re 
Statistical Institute where the Technical Wing o 


2.3. Information was collected in respect of various aspects of the lives 
of displaced persons. Tt related to (a) demographic and occup 
(b) earnings of the working members and various ot; 
(c) expenditure of the households during the month 
(d) loans of the households from various sources and 


sanitation, water supply, knowledge of the local language, preference regarding 
occupation and habitation. 


recruited and trained 
They were later joined by trained NSS 


questionnaires, 
port were prepared by the Indian 
f the NSS is located. 


ational particulars, 
her receipts of the household, 
preceding the date of survey, 
their utilisation, (e) housing, 


2.4. The sample was composed of two types of displaced households, namely 
(a) those living in government colonies, and (b) those living in other localities. In 


all, 1349 questionnaires could be completed of which 880 households were living in 


The amount of preliminary work 
1t of 86 man-months work, 32 man- 


4 man-months for actual investiga- 
tion. 


DEMOGRAPHIC STATISTICS 


2.5. Household size : The average size of households of the displaced persons 
was 5.1 as against nearly 4.7 of the general population according to 1951 Census. 
The size of households living outside government colonies was of 5.6 persons and of 
those in government colonies of 4.9 persons. 


2.6. Mother tongue: 81.0 per cent of the displaced households were Sindhi- 
speaking, 7.4 per cent were speaking Du 


njabi, 6.2 per cent spoke Gu 
Marathi and 3.2 per cent other languages. The Sindhi 


ment colonies were 88.3 per cent and in other localit; 
tions of Punjabis and Gujratis were greater in non 


jrati, 1.4 per cent 
-Speaking households in govern- 
les 67.2 per cent. The propor- 
“government. colonies, 
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EI 


and ber ae mama dee: Se GN Case Gd 

] y 12. .6 per cent. The distribution in 
age group 5-14 were about the same in the two areas, it being 27.1 per cent in govern- 
ment colonies and 27.9 per cent in other localities. Persons in the age group 15-54 
in the eorresponding areas were 52.3 and 53.1 per cent. In the age gen 55-14 
distribution showed 8.0 per cent in government colonies and 7.0 per cent in other 


locelities. 


2.8. Literacy and education: The proportion of literacy in government 


colonies was 51.5 per cent compared with 65.7 per cent in other localities. A higher 
proportion of males (74.3 per cent) and a still higher proportion of females (56.7 per 
cent) living outside government colonies were literate. Thus in the case of both 
males and females, people living in non-government colonies had better educational 
qualifications. Among the males of all localities 30.9 per cent were illiterate, 42.5 

cent matriculates and 1.7 per cent were graduates. 


per cent merely literate, 9.3 per 
Among the females of all localities only 2.2 per cent were matriculates of whom 0.4 
per cent were graduates. Nearly 90 per cent of females were either illiterate or merely 


literate. 
2.9. Economic status: The proportions of earners, earning dependents and 


he colonies and outside were about the same. In govern- 


non-earning dependents in t 
18.9 per cent were earners, 3.3 per cent earning dependents and 77.8 


ment colonies, 
arning dependents, the corresponding percentages in other localities 


per cent non-e 
being 19.5, 3.5 and 77.0. 

2,10, Livelihood classes : The proportion of active population engaged 
ligible in both government colonies and other localities, it 
e former area and 0.2 per cent in the latter. The proportions 
ame for the government colonies (16.8 


per cent) and other localities ( 15.2 per oct) and also the proportions engaged in 
transport operat the same in both areas (4.9 per cent in government 
colonies and 5.3 Per cent in other localities). In trade the proportion was some- 
what higher among the non-colony population (47.4 per cent) than among those 
(42.1 per cent). The proportion of employed persons In 

overnment colonies (35.9 per cent) 

Other and miscellaneous services 


in agriculture Was neg 
being 0.3 per cent in th 
in ‘other production” were more or less the s 


ions were roughly 


in government colonies Th 
other services Was higher among population in g 
ivi i 31.9 per cent). 
than among those living outside m I b) ce s 
include personal services, COI tion work, hotel-keeping, repairing Services, pro- 
fessional services and miscellaneous receipts from rent, charity etc. 
:ssional s 


astruc 


In government colonies, about 98 per cent of 
yees or were working on own 
her employees or working 
small, was significantly 
(0.7 per cent). 


2.31. Employment status : 


the economically active population were either emplo 
In other localities, about 96 per cent were eit 
The proportion of employers, though very 
calities (2.8 per cent) than in government colonies 


rtion lived on unearned incomes. 


account. 
on own account. 
higher in other lo 


A very small prop? 
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2.12. Intensity of employment : Among all economically active persons of 
all livelihood classes in government colonies and in other localities a person was 
employed for a period of 24 days in a month, the average income 
Rs. 71.8 in the former area and Rs. 118.1 in the latter. 
livelihood class were also higher in other localities. 
population in government colonies and more than nine 
working for more than 21 days a month. Thus a 
government colonies was under-employed. 


per person being 

The income figures for each 
Over four-fifths of the active 
-tenths in other localities were 
higher proportion of persons in 


2.13. Livelihood after migration : 
of the households continued to follow the sa: 
migration. In other localities, 57.5 per c 
all localities together, 50.7 per cent of 
Greatest shift occurred in agriculture. 
Professional services involved the least 


In government colonies, 47.1 per cent 
me means of livelihood as they did before 
ent pursued their old activities, Taking 
households continued their old vocations. 
Only 0.6 per cent continued to depend on it. 


change in occupation and 67.0 per cent of 
households remained in the old occupation. 64.2 per cent of households continued 


to follow trade as before, Nearly 60 per cent of households remained in crafts and 
cottage industries. Roughly, a half of the households continued to follow the old 


vocations in construction, transport and services and about a third continued in 
large industries and other types of odd jobs. 


ExPEN DITURE ON CONSUMPTION 


2.14. Consumer expenditure : 
placed population of all localities take: 
period July-September 1953. 


The per household expenditure of the dis- 
n together was Rs. 143.9 per month in the 
rnment colonies it was Rg, 11 
mparison of the consumer 
diture of the general 
by the data of the 


2.3 compared 
expenditure of all 
population of some urban 
4th round of the National 


2.15. Pattern of consumption : 
was spent on food, namely 63.7 per cent as compared with 54.8 
holds living in other localities, The proportion of expenditure fo: 
was lower in the government colonies (18.4 per cent). 
rent in government colonies was also | 
per cent in other localities, 


In government colonies a higher proportion 


Taking the households of all localities together, it was found 
that 59.4 per cent and 9.0 per cent were spent resp 


ectively for food and clothing and 
19.4 per cent on residual or miscellaneous items. 
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INCOME 


2.16. The monthly receipts were higher than the expenditure in both govern- 
ment colonies and other localities and although the receipts from various sources 
were meant for consumption they could not be regarded as incomes in the proper 
sense. In government colonies the monthly money receipt per household was Rs. 123.1 
whereas in other localities it was Rs. 225.0. 


2.17. Particulars regarding current receipts were collected under such items 
as (1) income from occupation, (2) receipts from other sources, (3) imputed value 
of supplies- obtained from one’s own enterprise, (4) government dole, (5) non- 
government help and (6) non-government; loan. Taking the households of all locali- 
ties together, the total receipt per household was Rs. 158.5 of which 67.5 per cent 
were income from occupation and 17.9 per cent from other sources. The proportions 
for government dole, non-government help and non-government loan were respec- 
tively 1.8 per cent, 4.4 per cent and 8.0 per cent. The imputed value of own supply 


was only 0.4 per cent. 


2,18. In government colonies, dependence on government dole was greater 
than in other localities and 10.2 per cent of households depended on it. In other 
localities, such households were only 2.3 per cent. The most important source of 
receipt in both the settlements was the own (residual) income of the households, 51.5 
per cent of households in government colonies and 75.0 per cent of households in other 
localities depending on this source. Taking households of all localities together, 7.5 
per centi of households depended on government doles, 9.6 per cent m 18.7 per 
cent respectively on non-government help US non-government loan, 4.5 per cent 
on sale of assets and 59.7 per cent on their income alone. 

r all localities taken together the amount of eren dole per 

4. The amount of non-government help per receiving 
ws camp pepe loans were Rs. 67.8 per receiving house- 
mn Le eg | Similarly the amount obtained by sale of assets was Rs. 76.2 
ae Pep = cg cases the per household receipts in other localities were greater 
per household. # 


than in government colonies. 


2.19. Fo 


far the incomes of the households could meet their 

receipts which could be regarded as proper incomes were taken 
er gu - the households living in all the localities together, 39.8 
We ei incomes above expenditure, 63.3 per cent had ingens: 
ent of their expenditure and 67.5 per cent had incomes 
expenditure. At the other extreme, 9.5 per cent e ES 
omes at all. When the two areas are compared, vue 
s out to be worse than in other localities. 


2.20. In examining how 


expenditures only 
into consideration. 


per cent of the house. 


covering more than 90 per € 
of over 80 per cent of the 


households had no proper ine m: 
position in government colonies tv 
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Loans 


2.21. The households obtained loans both from government and non-govern- 


ment sources. Taking the households of all localities together, 29.1 per cent had 
outstanding government loans and the average amount outstanding per household 
was Rs. 1025.3 per household. 44.6 per cent received non-government loans and 
the amount outstanding per household was Rs. 1289.3. Taking government. and 
non-government loans together, 55.9 per cent of the households had loans and the 
average amount was Rs. 1567.2 per household. 44.1 per cent of households had 
no outstanding loans. The outstanding loans of all kinds per household was greater 
in other localities than in government colonies. The proportion of households having 
no outstanding loan was also greater in other localities (59.2 per cent) than in gov 
ment colonies (36.0 per cent) 


2.22. Government loans: These loans were given under different heads, 
namely house-building, trade, profession, maintenance loan, education loan, main- 
tenance grant and education grant. 94.7 per cent of house-building loan was utilised 
in government colonies and the extent of utilisation of trade loans was only 75.1 per 
cent. The maintenance loan was fully utilised and only Rs. 
each borrowing household. The maintenance grant was only 


extent of utilisation being 55.6 per cent. There was no education loan and educa- 
tion grant at all. Barring repayment of maintenance loan other loans w 
repaid in almost negligible proportions or not at all. 

In other localities, government loans were given under all the heads except 
house-building. Maintenance and education loans were fully 
Rs. 105.0 and Rs. 600.0 respectively were repaid by 
extent of utilisation of trade, profession and mainte 
85.5 and 70.9 per cent, 


ern- 


101.6 was repaid by 
partly utilised, the 


ere either 


utilised of which 
each borrowing household. The 
hance grant was respectively 82.2, 
The education grant was fully utilised. There was little 
or no repayment except under heads already mentioned. 


All the households receiving trade and professional loans did not utilise 
them to the same extent. A little over 53 per cent of househol 
loans and nearly 45.0 per cent receiving professional loans utilised more than 90 
per cent of these loans for these purposes. 20.6 per cent of households with trade 
loans and 27.6 per cent of households w ofessional loans could utilise their loans 


ith pr 
only up to 10 per cent. useholds having trade loans and 13.8 per 


13.5 per cent of ho 
cent having professional loans could utilise more than 50 per cent of their loans, but 
oses. 


not more than T0 per cent for these purp 


ds receiving trade 
g 


Housina AND MISCELLANEOUS STATISTICS 


2.23. Housing: In government colonies 98.9 


. | Der cent of households lived 
in rented aceommodation and 1.1 per cent in owned accommodation. In other 


localities the position was somewhat different. 89.3 per cent of households were 
in rented houses and 10.7 per cent in houses owned by them. The proportion in all 
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localities taken together was that 95.6 per cent of households lived in rented acco- 
mmodation while 4.4 per cent of households occupied houses owned by them. 

In government colonies more than 85 per cent of households had acco- 
mmodation containing one room while in other localities only 41.0 per cent of 
households were in one-room accommodation. 10.3 per cent of households in govern- 
ment colonies and 37.2 per cent in other localities were living in two-room accommo- 
dation. The proportion of households having three-room accommodation in both 
government colonies and other localities were respectively 2.6 and 14.1 per cent. 
Many of the households shown as occupying one-room accommodation in govern- 
ment colonies had rooms in notional rather than in real sense. In such cases, the 
floor space occupied by a household was reckoned as one room. 


The proportion of households occupying floor space up to 300 sq. ft. in 
government colonies and other localities was respectively 85.9 per cent and 72.0 
per cent. The remaining households in both the areas occupied more than 300 sq. ft. 
of floor space. Taking all the localities together the average floor space per person 


was 46.7 sq. ft. 
In all localities taken together 16.2 per cent of households were living in 


totally brick-built structures, 64.2 per cent in partly brick-built and partly non- 

“built structures and 19.6 per cent in totally non-brick-built ones. 

In government colonies, 37.1 per cent of households used 
sed kerosene oil light and 1.2 per cent other types of 


electric light, 61.7 per cent u | 
€ Tn other localities, the proportion was 71.5 per cent of households for electric 
D z E 


light and 28.5 for kerosene oil light. 
2.25. Water supply : Over 80 per cent of the households got their drink- 


ing water from taps. In government colonies the proportion of such househalds 
as 8! . cent and in other localities it was 84.1 per cent. The remaining house- 

esst 2d ‘inking water from tube wells, wells and other sources. The average 

pos "s ; (pend from taps was 22.4 yards in government colonies and 
stance O 


11.5 yards in other localities. 
olonies, only 7.2 per cent of households did not share 


other households. The proportion for other localities was 


. extreme nearly 50 per cent of the households living in 
cl see S; E VE ee bs aed of the source with more than 30 households, 
"een Ver e tion of households in other localities being 14.6 per cent. 
he oppene E, ring the source with 10 others is considered, the 
e EE e eg 5 against 27.8 for other localities. 
percentage for governme 


296. Latrines: In government colonies 
were 1 Sei latrines with underground drainage E Ze 

dam k type and 78.4 per cent latrines of the ol ype- 
o the een = + were using latrines with underground drainage and flush, 1.3 per 
LME SC Se septic tank type and 42.4 per cent the old type latrines. The 
cent latrines © 
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In government o 
the use of the source with 


olds sha 
colonies comes to 86. 
3.1 per cent of the households 
d flush, 17.0 per cent latrines 
In other loca- 
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average distance, taking all types together, was 30.2 yards in government colonies 
and 27.3 yards in other localities. 


Only 4.4 per cent of households in government colonies were using lat- 


rines without sharing them with others, the corresponding proportion in other 
localities being 27.7 per cent. 

shared latrines with more than 
ties was 5.7. 


At the other end 49.2 per cent in government colonies 
30 households whereas the percentage for other locali- 
In government colonies 76.8 per cent of the households were using 


latrines with more than 10 others and the corresponding proportion for other localities 
was 22.2 per cent. 


2.27. Preference regarding means of livelihood : 


of all localities 61.9 per cent preferred. activities which 


time of the survey. The proportions of househo 
‘activities varied from 


Considering the households 
they were following at the 
lds preferring to remain in the same 
70.3 per cent in trade to 51.9 per cent in construction. 

2.28. Preference regarding place of habitation: 71.9 per cent of all households 
of all localities preferred to live in the Bombay State and 22.6 per cent of households 
were indifferent as to the place of habitation. Only 5.5 per cent of the households 
preferred to go out of Bombay. 


S type of households were 75.4 per cent in government colonies 
and 48.0 per cent in other localities. 


à It is, however, worth mentioning that the 
majority of these households had a working knowledge of Hindustani. 
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CHAPTER THREE 
DEMOGRAPHIC STATISTICS 


3.1. The number of sample households in government colonies, in other 
localities and in all localities together with the corresponding number of persons and 
average size of households are given in Table (3.1) below. 

TABLE (3.1): NUMBER OF SAMPLE HOUSEHOLDS AND PERSONS PER HOUSEHOLD 


households persons persons 

arcas per 
number percentage number percentage household 

(1) (2) (3) (4) (5) (6) 

1. government colonies 880 65.2 4288 62.0 4.9 
2. other localities 469 34.8 2626 38.0 5.6 
3. all localities 1349 100.0 6914 100.0 5.1 


3.2, The average size of households of the displaced persons was higher 
than the average size of households of the general population in the urban areas 
of the Bombay State which according to the 1951 Census was about 4.7 persons. The 
size of households living outside government colonies was of 5.6 persons, and of those 
living in government colonies of 4.9 persons. The smaller size in thie government 
colonies might have been due to the tendency of the inmates to split themselves 
into smaller households to gain some advantage regarding housing space, ration 
facilities and government help. 

3.3. A distribution of the sample households by their size as obtained in 
i me iven in Table (3.2) below. Similar figures for the general population 
d E ocn of the Bombay State as obtained in the 1951 Population Census are 
of the ur š s 

: : table. The 1951 Census figures for the displaced population on 
also given in the erg 


this distribution are not ava 
DISTRIBUTION OF HOUSEHOLDS BY THEIR SIZE 


TABLE (3.2) : 
— vey : —September 1953 1951 Census : 
gw io RE urban general 


tl all population 
sizo of Sec eng Jocalitiss localities (based on sample) 
households S 
E fe number percent- number percent- 
(persons) number SS? number oe E pen 
(2) (3) (4) (5) (6) (7) (8) (9) 
be. Ji A 120 25.6 414 30.7 34481 38.5 
de Sae E 41.3 190 40.5 553 40.9 35,509 — 39.6 
363 ë 
2. 4—6 + om 114 24.3 300 22.3 14,201 15.8 
1 21. 
. 7—9 
# T go 43 d$ 9:6 s2 6l 5,473 — 6.1 
ki audeo 880 100.0 469 100.0 1349 100.0 89,664 100.0 
5. total St 4.7 
š 5.6 Os 
6. over-all average 812@ 4.9 
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3.4. Taking all localities together, the size of 28.4 per cent of the House 
holds was over 6 persons. The proportion for the general population living in the 
urban areas of the Bombay State was 21.9 per cent. Thus, there was a higher propor- 
tion of households with larger size amongst the displaced population as compared 
with the gencral population and this was particularly so amongst those who were 
living outside the government colonies. 


DISTRIBUTION BY MOTHER TONGUE 


3.5. The detailed figures regarding the distribution of displaced house- 
holds by their mother tongue are given in Table (2) at the end of the report, but 
2 summary is given in Table (3.3) below. 


TABLE (3.3) : PERCENTAGE DISTRIBUTION OF HOUSE- 


HOLDS BY MOTHER TONGUE 


Se 


percentage distribution 


mother tongue government other 


colonies localities localities 
(1) (2) (3) (4) 

1. Sindhi 88.3 67.2 81.0 
2. Punjabi 2.7 16.2 7.4 
3. Gujrati 4.0 10.4 6.2 
4. Marathi 1.5 1.8 1.4 
5. others 2.5 4.5 3.2 
7. total 100.0 100.0 100.0 
D mumberofhowhdde 880 — "agp — — 
— 


349 
"AP S = ns ES 


2 per cent other languages. Infor. 
mation was not available from 11, i.e., 0.8 per cent of the households It will be 
noticed that there was a greater concentration of 


Sindhis in governmen 


nment colonies were Sindhis as compared 
to a proportion of 67.2 per cent for other localities, 


for Punjabis 
in the government colonies wag 2.7 -2 per cent in other 
localities. For Gujratis, the proportion i 
as compared with 10.4 per 


t colonies. 


The proportions for the house- 


w both in government colonies 

and in other localities, 
3.7. Comparable figures in this rege 
tion Census, but some figures regarding 
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displaced persons are available from a note written on Displaced Population by 
the Superintendent of Census, Bombay State, and these are given below ' 
TABLE (3.4) : PERCENTAGE DISTRIBUTION OF DISPLACED PERSONS OF BOMBAY BY 
STATES FROM WHICH THEY MIGRATED : 1951 POPULATION CENSUS 
a A Ag MM 


place of origin percentage 
distribution 
(1) (2) 
1, Sind 82.0 
2. West Punjab 9.4 
3. Khairpur State 4.4 
4. others 4.2 
5. total 100.0 


s relate to individuals for the State as a whole including 
both the rural and urban areas. Again, the figures refer to places of origin of migra- 
tion and not specifically to mother tongue. Since the individuals migrating from 
the same State did not necessarily speak the same language, a distribution of persons 
arranged by place of origin can be only broadly compared with a distribution of 
households arranged by mother tongue. After taking these approximates into account, 
figures of both sample survey and 1951 Census indicate that 
š Sindhis. The remaining fifth, as observed 


3.8. These figure 


it will be seen that cite 


over four-fifths of the displaced persons are adhi 
in this survey, is composed of Punjabis, Gujratis and others. 


AGE DISTRIBUTION 


3.9 The distribution of the members of the sample households by age- 
ven in Table (3). Only percentage distribution of members 


of households living in colonies and outside and similar distribution from the 1951 


Population Census are given in the followin: ta 
STRIBUTION OF DISPLACED PERSONS BY AGE GROUPS 


TABLE (3.5) : PERCENTAGE DI 
sample survey : 1951 Census — Le 


tember : 1953 
July-Septem Bombay, Saurashtra and 
Kutch: urban and rural 


group and sex has been gt 


age group 

a Luo M se iiim displaced general 
a (2) (3) (4) (5) (6) 
2.0 1.9 2.0 0.8 3.2 
ne 10.3 9.7 10.1 5.3 10.6 
a e Soch 27.9 27.4 98.1 35.7 
i. Se 20:9 20.0 20.5 22.9 18.2 
& mon n" 14.4 14.3 17.4 15.9 
+. 10.4 11.1 10.6 11.3 11.6 
Ds 6.9 7.6 7.1 7.5 7.7 
Ro4 5.3 3.9 4.8 4.5 4.6 
a 27 3.1 2.9 1.6 1.8 
de 0.3 0.4 0.3 0.6 0.7 
10 75 & above T xs TE 


ET total 100.0 100.0 
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3.10. The figures of columns (5) and (6) relating to displaced and general 
population of urban’ and rural areas of Bombay, Saurashtra and Kutch have been 
obtained from the note on DPs written by the Superintendent of C 
State. Similar 1951 Census figures of displaced persons for urban 
State only were not readily available. 
refer only to displaced population in u 
July to September 1953. 
comparable. 


3.11. Tt will be seen from column 


ensus, Bombay 
areas of the Bombay 
The figures of the present survey, however, 
rban areas of Bombay State for the period 
Therefore, the figures from the two sources are only roughly 


(5) that there had been a gap in the age 
groups (0) and (1-4) years, the reason being that, in the census enumeration the 
children of the displaced persons who were born in India were not considered dis- 
placed. In the sample survey, on the other hand, the children of the displaced 
Consequently, the proportions in the 
(0) and (1-4) years, are much higher and 
neral population. The age structures of the displaced 
population and of the general population are of the same order and as already noted 
by the Superintendent of Census of the Bombay State, the structure shows the signs 
of mass exodus. 


persons born in India were included as DPs. 
first two age-groups, namely 


are near about 
the proportions for the ge 


LITERACY AND EDUCATION STANDARD 

3.12. The distribution of persons by age group, sex and education standard 
living in different localities is given in Table (4), Only the percentages of literacy 
1 Census are given below in Table (3.6). 
PERCENTAGE OF LITERACY (URBAN AREAS) 
areas/population male female total TE 
gc RE 

Sample Survey : July-September 1953 

l. government colonies 


as obtained in this survey and in the 195 


TABLE (3.6) : 


65.8 37.1 51.5 
2. other localities 74.3 56.7 65.7 
3. all localities 69.1 44.5 56.9 
1951 Census : Bombay State 
4. displaced population 69.7 38.7 57.6 
5. general population 5 


2.0 26.7 40.6 


in the government colo: 
cent as compared with 65.7 per cent for 


nies was 51,5 per 
the other localities, 


A higher proportion 
de the colonies were 


A" 
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3.14. A further breakdown is given in T: 7 i 
g ‘able (3.7) showing the distributi 
of persons by education standard and by sex in the different WE ée "I 


TABLE (3.7) : PERCENTAGE DISTRIBUTION OF PERSONS BY EDUCATION STANDARD 


overnment coloni: 1 iti 
sinum gove nt colonies other localities all localities 
male female total male female total male female total 
(1) (2) (3) (4) (5) (6) (7) (8) (9) (10) 
1. illiterate 34.2 62.9 48.5 25.7 43.3 34.3 30.9 55.5 43.1 
2. merely literate 44.8 30.7 37.8 38.7 39.8 39.3 42.5 34.1 38.4 
3. under-matric 14.1 8.1 9.9 22.3 12.3 17.4 17.3 8.2 18:9 
4. matric 5.9 er 3.3 10.5 i 7.1 7.6 1.8 47 
5. graduate 1.0 0.0 0.5 2.8 0.9 1.9 1.7 0.4 1.0 
6. total 100.0 100.0 100.0 100.0 100.0 100.0 100.0 100.0 100.0 


both in the case of males and females the people 


3.15. It will be seen that 
living outside the government colonies have better educational qualifications. Taking 


the males of all localities, 30.9 per cent were illiterate and 42.5 merely literate. 
9.3 per cent passed the matriculation examination and of them, 1.7 per cent were 
Amongst the females of all localities, only 2.2 per cent passed the matri- 


graduates. 
0.4 per cent were graduates. Roughly, 90 per 


culation examination of whom only 
cent of the females were either illiterate or merely literate. 


Economic STATUS 
3.16. The distribution of persons by the economic status of earners, earning 
dependents, and non-earning dependents is given below in Table (3.8). Exactly 
able figures from the 1951 Census are not available because the note on dis- 
d by the Census Superintendent of Bombay gives the 
and rural areas taken together. To make the figures 
on-agricultural population 


compar: 
placed population prepare 
figures for population of urban 
somewhat comparable only the figures relating to the n 
have been shown in this table. 


PERCENTAGE DIST 
DEPENDENTS AND NON 


'RIBUTION OF EARNERS, EARNING 


$ 3.8) : 
TABLE (3.8) .EARNING DEPENDENTS 


-percentage distribution 


arcas/population earners earning non-earning total 
-dependents dependents mie 
a) y (3) {4} —-—-(b) 
Sample Survey : July-September 1953 (urban areas) 
Jonis 18.9 3.3 77.8 100.0 
d government co! x 
us 19.5 3.5 77.0 100.0 
ities 
E D 19.1 3.4 77.5 100.0 
; A I 
1951 Census : Bombay State (urban and rural, but of non-agricultural 
classes only) 
A. -displaced population ure uh Pai vpn à 
generai population 31.4 e 61.4 O 
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3.17. It will be seen that the proportions of earners, earning dependents 
and non-earning dependents in the colonies and outside were ranghly the aime but 
in comparison with the figures of the 1951 Census, the proportions are slightly 
different. The general picture for the displaced population, however, remained 
the same, namely, the ratio of earners and earning dependents to non ‘earning depen- 


dents remained 1 to 3 persons roughly compared with the ratio of 1 to 2 persons for 
the general population. 


DISTRIBUTION BY LIVELIHOOD CLASSES 


3.18. The detailed figures of the distribut; 
population, that is, earners and earning dependents, 
ment status are given in Table (7). 
Table (3.9) together with the relevant 


ion of the economically active 
by livelihood classes and employ- 
A summary of these figures is given below in 


figures of the 1951 Census. It may be noted 
that the figures of the sample survey show the distribution of only the economically 


active population. The census figures, on the other hand, show the distribution of 
earners including their dependents. If there is a pattern of variation in the size of 
dependents depending on the means of livelihood, then these two ways of distribution 
will give two sets of figures even for the same population, Tt May also be noted 
that the figures relate to two different years, namely 1951 and 1953. 

3.19. The classification of the means o 


For instance, under the classification “agriculture”, only the activities depending 
on agricultural cultivation have been included in the census; whereas in the sample 
Survey such activities as animal husbandry, fishing, forestry etc., have also been 
included in “agriculture”. These differences, however, are not of much importance 


se almost the whole of the active Population covered in this 
Survey was non-agricultural and the classification r 


egarding non-agricultural 
ties is similar and comparable. 


f livelihood is also slightly different, 


activi- 
TABLE (3.9) : PERCENTAGE DISTRIBUTION OF ECONOMICALLY ACTIVE POPULA. 
TION BY MEANS OF LIVELIHOOD CLASSES 
sample survey : Ce 1951 : 
a July-September 1953 2 051: Bombay Stato 
occupation displaced 
government other all w ere population 
colonies localities localities (urban and rural) (urban) 
(1) (2) (3) (4) ^ (8) (6) 
l. agriculture 0.3 0.2 0.3 1.9 15.4 
2. other produetion 16.8 15.2 16.2 13.0 28.9 
3. trade 42.1 47.4 44.1 40.1 19.3 
4, transport 4.9 5.3 5.1 4.1 5.2 
E 5. 

5. other services and 35.9 31.9 


31.5 40.9 31.2 
6. total 100.0 100.0 100.0 100.6 100.0 


a. € > 
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3.20. The proportion occupied in agriculture was negligible both in govern- 
ment colonies and other localities. The proportions engaged in other kinds of pro- 
duction were more or less the same for the government colonies and other localities 
and also the proportions engaged in transport operations were roughly the same. 
The proportion engaged in trade was somewhat higher amongst the non-colony 
population and on the other hand the proportion engaged in other services was higher 
amongst the population living in government colonies. 


3.21. When the proportions for all localities taken together are compared 
with those obtained in the 1951 Census, the figures are somewhat different. The 
census figures for the displaced population refer to both urban and rural areas and 
the figures for the urban areas only have not been available. However, the broad 
feature, namely, the concentration of displaced persons in trade and various services, 
come out clearly from both the sets of figures. It may be noted that “other services 
and miscellaneous sources” include personal services, construction work, hotel- 
keeping, repairing services, professional services and miscellaneous receipts from 
rent, charity etc. Again, when these figures are compared with those for the general 
urban population of the State, ib is seen that while the displaced persons were con- 
centrated mainly in commerce and other services, a much higher proportion of the 
general urban population was engaged in agriculture and other production. 

3.92, The distribution of the economically active population by employ- 
ment status is given below. 


PERCENTAGE DISTRIBUTION OF ECONOMI- 


TABLE (3.10) : 
CALLY ACTIVE POPULATION BY EMPLOY- 


MENT STATUS 


t status government other ` all 
SE colonies localities localities 
(1) (2) (3) (4) 
— RR m 
1, employer 0.7 2.8 1.5 
2. employee 40.0 41.0 40.4 
57.8 54.9 56.7 


3. own account 


total 100.0 100.0 100.0 


ernment colonies, about 98 per cent of the economically 
yees or were working on own account. À very small 
d incomes from sources such as rent, charities 
cent also were either employees or working 
s, though very small, was significantly 


3.93. In the gov 


H O; 
active persons were either empl 


i ne 
n lived entirely on unear 
ut 96 per 


rtion of employer 
ent colonies. 


proportio à 
ete. In other localities, abo 
on own account. The propo 


higher than that for governm 
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INTENSITY OF EMPLOYMENT 


3.24. The Table (3.11) below gives some idea of the intensity of employ- 
ment and individual earnings in different means of livelihood. 


TABLE (3.11) : DISTRIBUTION OF EARNERS AND EARNING DEPENDENTS (NON-EARNING 
DEPENDENTS EXCLUDED) BY LIVELIHOOD CLASSES WITH AVERAGE 
NUMBER OF DAYS EMPLOYED AND AVERAGE INCOME EARNED PER 
MONTH PER PERSON 


government other all 
colonies localities localities 
num- days income num- days income num- days income 
livelihood classes ber em- in Rs. ber em-  inRs. ber em- in Rs. 
of - ployed of ployed of ployed 
per- per- per- 
sons sons sons 
a) mm A 6) (9 m (8) (0) (10) 
l. agriculture 3 24 36.50 1 — 300.00 4 18 102.38 
2. crafts and cottage 
industries 120 23 47.59 61 24 86.88 181 23 60.83 
3. large industries 40 24 100.56 31 23 141.60 71 24 118.48 
4. trade 39 25 63.43 287 25 116.00 686 25 85.42 
5. constructio 27 20 96.77 13 22 187.27 40 21 126.18 
6. transport 47 25 107.13 32 25 132.03 79 25 117.22 
7. services 245 25 76.58 135 24 108.25 380 25 87.83 
8. professional services 59 22 95.54 36 23 157.29 95 22 118.82 
9. others 10 — 100.22 . 9 3 139.55 19 2 118.85 
10. total 950 24 71.78 605 24 118.14 1555 24 89.81 


3.25. Taking all economically active persons of all livelihood classes in 
the government colonies, it will be seen that on average a person was employed for 
24 days in a month during the period of the survey. The income per person for a 
month was about Rs.71.8. As compared with this, the average number of days 
employed for the other localities was also 24 days in a month but the average income 
per person was about Rs.118.1. The average position of the persons outside the 
government colonies was consistently better than that in the government colonies. 
When the income figures for the government colonies and the other localities are 
compared for each livelihood class, it will be seen that in all cases the income figures 
for the other localities are higher. 


3.26. Information relating to income has been usually seen to be under- 
stated by the respondents. But since this is a general tendency, whatever be the 
value of the figures in the absolute sense, these are useful for relative comparisons. 
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That the average earnings of the economically active persons of the government 
colonies were lower than those for the other localities appears clear. Again, a com- 
parison between the earnings in the different livelihood classes is interesting. It 
will be seen from the table that those who were engaged in large-scale industries had 
higher incomes than those engaged in crafts and cottage industries: those engaged 
in transport operations or construction jobs had higher incomes than those engaged 
in trades; those engaged in professional services had higher incomes than those 
engaged in services or in other types of odd jobs. 

A further classification of the earners and earning dependents by 


3.27. 
erage in- 


the intensity of employment in terms of days in a month together with av 
comes is given in Table (3.12) below. 


DISTRIBUTION OF EARNERS AND EARNING DEPENDENTS (NON-EARNING 
DEPENDENTS EXCLUDED) BY DAYS OF EMPLOYMENT IN A MONTH WITH_ 


AVERAGE INCOME PER PERSON 


TABLE (3.12) : 


other localities all localities 


government colonies 
days of : 
employ- number percent- income number  percent- income number percent- income 
ment in of age in Rs. of age in Rs. of age in Rs. 
the month persons persons persons 
(1) (2) (3) (4) (5) (6) (7) (8) (9) (10) 
1 1—7 11 1.2 14.2 8 1.3 24.2 19 1.2 18.4 
2 8—14 28 2.9 30.7 6 1.0 46.1 34 2,2 33.4 
3. 15—21 120 12.6 42.1 37 6.1 77.1 157 10.1 50.3 
4. 22—30 791 83.3 78.5 554 91.6 123.0 1345 86.5 96.9 
5. total 950 100.0 71.8 605 100.0 118.1 1555 100.0 89.8 
3.28. Over four-fifths of the active population in the government colonies 


ays in a month but as compared with the other 


localities a higher proportion of active persons of the government colonies was under- 
employed. The figures also show that the per person incomes increased as the 
number of days of employment increased, but here again, the average incomes in 
the government colonies were lower than the corresponding incomes of the other 


were working for more than 21 d 


localities. 


MEANS OF LIVELIHOOD BEFORE AND AFTER MIGRATION 


etailed figures showing the distribution of households by liveli- 
ation and during the period of survey are given in Table (10). 
A summary of the details has been given in Table (3.13) helow It may be noted 
that the information is based on the principal means of livelihood of the principal 
earners of the households and is thus different from "n figures showing the distribu- 
of individual earners and earning dependents by livelihood classes. The figures 


3.29. The d 
hood classes before migr 


tion 
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in the table have been so arranged as to show in what proportion the principal earners 
of the households in the different livelihood classes still follow the activities they 
used to do before migration. 


TABLE (3.13) : DISTRIBUTION OF HOUSEHOLDS BY PRE-MIGRATION LIVELIHOOD 
CLASSES AND PROPORTIONS CONTINUING THE SAME ACTIVITIES 
DURING THE PERIOD OF THE SURVEY 


———————————À—————————————————————————————————————————— 


government colonies other localities all localities 
number of number of number of 
households per- households per- households per- 
livelihood classes  ————————-——-— centage centage centuge 
before conti- conti- before conti- conti- before conti- conti- 
migra- nuing nuing migra-  nuing nuing migra- nuing nuing 
tion now tion now tion now 
a) (2) (3) (4) (5) (6) (7) (8) (9) (10) 
1. agriculture 139 1 0.7 28 — — 167 1 0.6 
2. crafts and cottage 
industries 76 41 53.9 40 28 70.0 116 69 59.5 
3. large industries 24 8 33.3 16 y 43.8 40 15 37.5 
4, trade 333 205 61.6 215 t47 68.4 548 352 64.2 
5. construction 24 13 54.2 13 6 46.2 37 19 51.4 
6. transport 17 9 52.9 11 5 45.5 28 14 50.0 
7. services 162 83 51.2 88 45 51.1 250 128 51.2 
8. professional 
services 56 38 67.9 32 21 65.6 88 59 67.0 
9. others 37 11 29.7 20 7 35.0 57 18 31.6 
10. total 868 409 47.1 463 266 57.5 1331 675 50.7 
11. no information 12 — — 6 — — 18 -— sas 


3.30. In government colonies, taking all livelihood classes together, 47.1 per 
cent of the households continued to follow the same activities as they used to do 
before migration. In other localities, 57.5 per cent of the households continued 
to follow the old activities. Taking all the localities together, 50.7 per cent of the 
households continued to follow their old vocations. 

3.31. The proportions for the different livelihood classes, however, vary. 
In the government colonies, only 1 of the 139 households (0.7 per cent) depending 
on agriculture continued to depend on the same. Such a large shift in the agricul- 
tural class would naturally occur because the households came away from their lands 
and were living after migration in urban areas. Because of the circumstances of 
migration even those who were non-cultivating owners would not get any rent from 
land. Only about a third of the households engaged in large industries or other 
bypes of odd jobs before migration continued to do so at present. 67.9 per cent 
af the households engaged before migration in professional services and 61.6 per 
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cent of those engaged in trade continued their old activities in India. Similar pro- 


portions for crafts and cottage industries, construction, transport and services 


were a little above 50 per cent. 

3.32. In other localities, proportions continuing the old vocations were 
Only about a third of the households depending on various odd 
d to do so. Roughly, a half of the households engaged 
in large scale industries, construction, transport and services before migration con- 
tinued in the old lines. About two-thirds of the households engaged before migra- 
tion in erafts and cottage industries, trade and professional services continued in 


generally higher. 
jobs before migration continue 


their old lines. 
3.33. Taking all the households of all localities together, roughly two- 


thirds of the households continued to follow the old vocations in crafts and cottage 
industries, trade and professional services. Roughly, half of the households con- 
tinued the old vocations in construction, transport and services; and about a third 
arge industries and in other types of odd jobs. Practically all who 


continued in | 
ding on agriculture were no longer doing so. 


before migration were depen 
3.84. Information regarding means of livelihood only was collected in this 

survey to compare the positions obtaining before and after migration. No attempt 
was made to collect similar information on income, expenditure or value of properties 
simply because such questions would have invited biased replies. Considering the 
emotional stress in which the displaced persons live, if they were asked as to what 
they were earning OT spending or owning before they migrated as compared with 
their present position, it was highly likely that they would have given an optimistic 
There would be no means of checking the correctness 


picture of the good old days. 
of their statements and the figures would have been merely misleading. 
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CHAPTER Four 


EXPENDITURE ON CONSUMPTION 


4.1. The expenditure per household per month for the government colonies, 
other localities and for all localities taken together are given below in Table (4.1). 
For purposes of comparison, per household expenditures of the general population 
of some urban areas of the Bombay State have also been given. These figures were 
collected in the 4th round of the National Sample Survey in the period April-September 
1952. The survey covered a sample of 5 towns in the State and these were Ahme- 
dabad, Amalner, Malegaon, Manglawedha and Shigali. In addition, Bombay city 
was also covered. 


TABLE (4.1): COMPARATIVE CONSUMER EXPENDI- 
TURE OF DISPLACED AND GENERAL 
POPULATION IN RUPEES PER HOUSE. 
HOLD PER MONTH 


——M—— HH 


number of expenditure 
areas sample in Rs. 
households 
a) (2) (3) 


Sample Survey of displaced persons : 
July-September 1953 


I. government colonies 880 112.3 
2. other localities 469 201.3 
3. all localities 1349 443.2 


National Sample Survey : 
April-September 1952 


4. 5 towns of Bombay 304 143.5 
5. Bombay city 157 276.3 


4.2. The per household expenditure of the displaced population of all 
urban localities taken together was Rs.143.2 per month in the period J uly-September 
1953. The per household expenditure for the general population in the 5 towns 
of Bombay was practically the same, namely, Rs.143.5 per month, but for a different 
period, April-September 1952. The expenditure per household in the government 
colonies was low, e.g., Rs.112.3, in comparison with the figure for the other localities 
which was Rs.201.3. In turn, the figure for the non-colony displaced population 
is lower than the per household expenditure of the general population in Bombay city 
which was Rs.276.3 per month during April-September 1952, 
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4.3. Although the average expenditures of the displaced urban households 
and of the general urban households seem to be equal, there are two reasons for which 
the position of the displaced households turns out to be somewhat worse. Firstly, 
the average size of a displaced household was a little higher than a general house- 
hold and secondly, there was a slight increase in living costs from the period of the 


1952 survey to that of the 1953 survey. 


4.4. It will be seen that the gap between the two periods of survey is about 
a year; and prices changed in course of that year. The Labour Bureau, Ministry 
of Labour, Government of India, publishes monthly in the Indian Labour Gazette 
cost of living index numbers for 4 towns of Bombay State, namely, Bombay, 
Ahmedabad, Sholapur and Jalgaon and the average index numbers for the periods 
April-September 1952 and July-September 1953 are given in Table (4.2) below. 


AVERAGE OF WORKING CLASS COST OF LIVING 
INDEX NUMBERS FOR THE TWO PERIODS, APRIL- 
SEPTEMBER 1952 AND JULY-SEPTEMBER. 1953 


TABLE (4.2): 


(1939 = 100) 
A EE 
April- July- increase percentage 
towns September September in points increase 
1952 1953 
(1) (2) (3) (4) (5) 
1. Bombay 323 355 32 10.0 
2. Ahmedabad 363 391 28 7.7 
3. Sholapur 424 448 24 5.7 
440 492 52 De 


4. Jalgaon 


4,5. The increase in living costs between the two periods varied between 
5.7 and 11.8 per cent and the overall order of increase was about, say, 10 per cent. 
In view of this increase in living costs and of larger household size, it will be correct 
to say that the level of living of the displaced urban population was somewhat lower 
than that for the general urban population of the State. Roughly, the level of living 
t colonies compares unfavourably with that of the general urban 
of living of the displaced population outside the colonies 
the general level, although, it is lower than the level 


in the governmen 
population but the level 
compares favourably with 
obtained in Bombay city. 
rison on the basis of average expenditures only does not give 
e the averages may be vitiated by extreme values of 
useholds or very poor households... Therefore, the 


4,6. A compa 
a satisfactory picture ke? 
i ry rich ho 
di Ape ei wee"? by different levels of monthly expenditure for these 
stributions of he ] 
areas have been given in Table pus) De. a 
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TABLE (43): PERCENTAGE DISTRIBUTION OF DISPLACED HOUSEHOLDS AND GENERAL 
` HOUSEHOLDS IN BOMBAY BY LEVELS OF MONTHLY EXPENDITURE 


displaced households : general households : 
July-September 1953 Bombay 
April-September 1952 
monthly expendi- government other all ; 
ture in Rs. colonies localities localities 5 towns city 
(1) (2) (3) (4) (5) (6) 
1. up to 50 17.5 4.3 12.9 12.8 3.8 
2 51—100 40.6 16.2 32.1 32.3 19.1 
3. 101—150 23.6 26.4 24.6 20.7 16.6 
4. 151—300 14.9 37.3 22.7 26.3 32.5 
5. 301—500 2.5 10.9 5.4 5.6 14.6 
6. above 500 0.9 4.9 2.3 2.3 13.4 
7. total 100.0 100.0 100.0 100.0 100.0 
8. number of 
households 880 469 1349 304 157 


4.7. These percentage distributions confirm that the living conditions (in 
terms of consumption expenditure) of the displaced households in the urban areas 
of the State taken as a whole were near but lower than the conditions of the general 
urban households. The figures, again, show that the conditions of the households 
living in government colonies were worse than the general urban households and 
that the conditions of the displaced households not living in government colonies 
were better than the general urban households. These non-colony households were 
concentrated in middle levels, e.g., 48.2 per cent between monthly expenditures of 
Rs.151 and Rs.500; and 74.6 per cent between expenditures of Rs.101 and Rs.500. 

4.8. The comparative patterns of expenditure of displaced households 
living in government colonies and in other localities as also the patterns for thegeneral 
population in the 5 sample towns and in Bombay city are given in Table (4.4) below. 
TABLE (4.4) : PATTERNS OF CONSUMPTION OF DISPLACED HOUSEHOLDS IN DIFFERENT 

` LOCALITIES AND OF GENERAL HOUSEHOLDS IN URBAN AREAS OF BOMBAY 


EE 


general house- 


displaced households : July-September 1953 holds : Bombay 
April-September 
1952 
government other all 
colonies localities localities 5towns city 
items of expenditure expen- per- expen- per- expen- per- per- per- 
E diture centage diture centage diture centage centage centage 
in Rs. in Rs. in Rs. 
oe A Oe O ee 9 
1. food 71.4 63.7 110.3 54.8 84.9 59.4 48.2 37.7 
2. clothing 9.7 8.6 19.0 9.4 12.9 9.0 10.5 10.1 
3. fuel and light 7,4 6.3 11.2 5.6 8.5 5.9 7.2 5.2 
4. rent 3.4 3.0 19.7 9.8 9.1 6.3 3.1 8.2 
5. residual 20.7 18.4 41.1 20.4 27.8 19.4 31.0 38.8 
6. total 112.3 100.0 201.3 100.0 143.2 100.0 100.0 100.0 
7. number of households 880 469 1349 304 157 


A AS 
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4.9. Poorer conditions of the households living in government colonies 
have been reflected in the pattern of their expenditure. A higher proportion of 
expenditure went for food, namely 63.7 per cent, as compared with 54.8 per cent 
for the households living in other localities. Again, the proportion for the residual 
items was lower for the government colonies. One very interesting point should 
be noted, namely, that the per household expenditure for house rent in government 
colonies was only Rs.3.4 as compared with Rs.19.7 per household in the other 
localities. A part of this low expenditure in government colonies might be due to 


lower rents but most of it was due to the fact that many households were not pay- 


ing their dues. 


4.10. Taking the households of all localities together, it will be seen that 


59.4 per cent of the expenditure were spent for food and 19.4 per cent on miscellane- 
As compared with this, 48.2 per cent of expenditure of general house- 
holds in the 5 sample towns went for food and 31.0 per cent for miscellaneous items. 
f expenditure for food and a lower proportion for residual items 
rds and accordingly, it is clear that the living standards 
of the displaced households were lower than those of the general households in the 
The contrast is sharper when the figures of the displaced households 
attern of the general households living in Bombay city. 


ous items. 


A higher proportion o 
indicate lower living standa 


urban areas. 
are compared with the p 
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CHAPTER FIVE 
INCOME 


5.1. Understatements of income and overstatements of debt by house- 
holds have often been noted in economic surveys, and hence the figures regarding 
incomes or loans of this survey also should be read cautiously. One approach might 
have been not to collect any information regarding these aspects at all. But this 
would have left a gap which one would be tempted to fill with scrappy particulars 
from other sources even more unreliable. Therefore, provision was made for collect- 
ing data on income and loan, and it was felt that if the particulars regarding the 
receipts were recorded under a number of different items, an idea of at least the rela- 
tive importance of these various sources could be obtained clearly. 


5.2. The households were asked about their receipts and expenditures for 
a month preceding the date of interview and the figures obtained are given in Table 
(5.1) below. 
TABLE (51): AVERAGE MONTHLY RECEIPT AND EXPENDITURE PER HOUSEHOLD 
IN RUPEES 


receipt/expenditure government other all 
colonies localities localities 
(1) (2) (3) (4) 
l. monthly receipt 123.1 325.0 158.5 
2. monthly expenditure 112.3 201.3 143.2 
3. number of households 880 469 1349 


5.8. The monthly receipts were higher than the expenditures in both govern- 
ment colonies and other localities. Tt should, however, be noted that although 
the receipts through the various sources were meant for consumption, all of them 
were not incomes in proper sense. The households had to live on and their demands 
were met by money from government doles, from private help or 


loans or even by 
selling household assets such as ornaments. 


5.4. Particulars regarding current receipts by the households for purposes 
of consumption were collected under 6 items, namely, (1) income from occupation, 
(2) receipts from other sources, (3) imputed value of supplies obtained from one's 
own enterprise, (4) government dole, (5) non-government help and (6) 


non-govern- 
ment loan. 


5.5. Occupation meant productive activities involving direct participation. 
Rent receivers of all kinds and money lenders were excluded from this group and 
their incomes were entered as receipts from other sources, Although it was intended 
that incomes from subsidiary occupations would be recorded as incomes from occu- 
pation, in practice it turned out that most of such incomes were shown as receipts 
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from other sources. The households were hesitant to declare all their subsidiary 
occupations. 

5.6. Receipts from other sources therefore included incomes from most 
of the subsidiary activities and incomes from property of any kind and from various 
unproductive activities. These also included savings or balances left over from 
earlier months which were different from balances of loans. Receipts by loans taken 
for consumption purposes before the reference period of the investigation were also 
recorded as loans. 

5.7. Imputed values of supplies obtained from one’s own enterprise were 
taken into account because these supplies were included in the expenditures on 


consumption, As practically all the households covered in the survey were non- 


agriculturists, this was an unimportant item in the budget. 

5.8. Help received from government for consumption purposes was recorded 
“government dole” and help from all other sources as non-government help. 
Charities of all kinds and also remittances from friends and relatives were included 
in non-government help. Perhaps some of these remittances can be considered 
as proper in our present social set-up, such as, the remittance of a son to his parents 
and go on but no distinction was made in recording the different types of remittances. 


59. Private loans taken only for consumption purposes were recorded 


as non-government loans. When loans were taken for enterprise purposes, they 
were excluded from consumption account and recorded separately in another part 


of the questionnaire. 
5.10. The average monthly receipts over all sample households by these 


6 breakdowns are shown below in Table (5.2). 
RIBUTION OF MONTHLY RECEIPTS PER HOUSEHOLD BY SOURCES 


as 


TABLE (5.2) : DIST 
OF RECEIPTS 


vernment colonies other localities all localities 


go 
: rupees rupees 
: SE percent- per percent- per percent- 
source of receipt I ouse- age house- age house- age 
hold hold hold 
e) (3) (4) (5) (6) (7) 
1 
0 18.6 63.9 159.9 71.1 106.9 07.5 
l. occupation 20.6 16.7 43.1 19.2 28.4 17.9 
2, other sources å 0.3 1.2 0.5 0.7 0.4 
3. own supply 3.8 3.1 1.4 0.6 2.9 1.8 
4. government dole 47 3.8 11.0 4.9 6.9 4.4 
5. non-government help 10 12.2 8.4 3.7 19.7 8.0 
i loan 5. 
6. non-government 10 N 100.0 995.0 100.0 158.5 100.0 
7. total receipt int Ge 469 1349 
8. number of households 


of all localities together, the total receipt 


households ` e 
a the per cent were income from occupation 


158.5 of which 67.5 
259 


5.11. Takin, 
per household was Rs. 


Vor. 18] 


and 17.9 per cent income from other sources. The imputed value of own supply 
was only 0.4 per cent. The proportion for government dole was 1.8 per cent and 
that for non-government help was 4.4 per cent. 


sources for consumption purpose was 8.0 per cent. 


5.12. The relative importance of the different sources varied somewhat 
between the government colonies and other localities and, on the whole, the position 
of the government colonies was worse. The total receipt per household in the govern- 
ment colonies was Rs.123.1, of which 63 9 per cent came as income from occupation 
and 16.7 per cent as income from other sources. The imputed value of own supply 
was 0.3 per cent. Government dole represented 3.1 per cent and non-government 
help 3.8 per cent. 12.2 per cent came by loan from non-government sources taken 


for consumption purposes. 


5.13. 'The total receipt per household in other localities was Rs.225.0, 
of which 71.1 per cent were income from occupation and 19.2 per cent income 
from other sources. The imputed value of own supply was 0.5 per cent. The 
proportion for government dole was only 0.6 per cent. 
came from non-government help and 3.7 per cent from loan taken for consumption 


purposes from non-government sources. 


against all those 3 sources. 


TABLE (5.3) : 


a 


BOROEOM 


5.14. It may be noted that the above figures show the average position 
over all the households. All the households did not obtain money from all these 
six sources, but many did receive money from more than one source. An idea of 
the proportions of the households who had partly or wholly depended on the different 
sources may be obtained by showing the mer1bers of the households who had reported 
such receipts and the figures have been given in Table (5.3) below. If a household 
had obtained money from, say, 3 sources, it was then included in the numbers shown 
When all the households receiving money from items 
1 to 4 of the table have been accounted for, à balance of households will remain who 
must have obtained their money as incomes from occupations or from other sources. 


5.15. Another point may also be noted. Money obtained by the sale of assets, 
such as ornaments, has been included in the item, income from other sources, in the 
preceding Table (5.2). These receipts have been separated in the table below 


CONSUMPTION DEMANDS 


government colonies 


NUMBER AND PERCENTAGE OF HOUSEHOLDS DEPENDING PARTLY OR 
WHOLLY ON DIFFERENT SOURCES OF RECEIPTS FOR MEETING THEIR 


. other localities ` 


Loan taken from non-government 


4.9 per cent of total receipt ` 
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all localities 


source of receipt = nn pr > al E: ngabar | ne | 
holds sotal — holds total holds total 
UN — p DI | à) (5) 7 18... NY 
government dole 90 10.2 11 2.3 101 Tb 
non-government help 79 9.0 50 10.7 129 9.6 
non-government loan 210 23.9 43 9.2 253 18.8 
sale of assets 48 5.5 13 s a 61 4.5 
eosidual 504 57.3 360 76.8 ^. 864 64.0 
total (880 — 100%) (469 = 100%) (1349 = 100%) 


260 


NATIONAL SAMPLE SURVEY : SURVEY OF DISPLACED PERSONS IN BOMBAY: 


and shown as a different item so that receipts from other sources may represent proper 
incomes. Selling of assets was reported from 61 of the total households. 


5.16. Taking households of all the localities together, 7.5 per cent received 
government doles, and 9.6 per cent received non-government help. 18.7 per cent 
of the households got loans from non-government sources for consumption purposes 
and 4.5 per cent got money by sale of assets. The residual proportion e.g.. 59.7 
per cent depended on their incomes alone. š 


5.17. In the government colonies, 10.2 per cent of households received 
government doles and 9.0 per cent non-government help. 23.9 per cent got loans 
from ngn-government sources for consumption purposes, and 5.4 per cent of the 
households got some money by selling assets. The remaining households, namely, 
51.5 per cent depended on their incomes only. 

5.18. In the other localities, 2.3 per cent of the households received govern- 
and 10.7 per cent non-government help. 9.2 per cent got loans for 
m non-government sources and 2.8 per cent got some 
The remaining households, e.g., 7 5.0 per cent depended 


ment doles 
consumption purposes fro 
money by selling assets. 


on their income only. 
5.19. The amounts of money received per household through the four sources, 
which are not incomes but only receipts to cover deficits, are given in Table (5.4) 


below. 


HOUSEHOLDS RECEIVING AND THE AMOUNT RECEIVED PER 


NUMBER OF 
YPE OF SOURCE 


HOUSEHOLD BY T 


— government colonies other localities all localities 


TABLE (5.4) : 


receipt receipt receipt 
type of sourco ei E esch? house: ee own. 
holds hold holds hold holds hold 
(in Rs.) (in Rs.) (in Rs.) 
o (2) (3) (4) (5) (6) (7) 
1. government doles 90 36.7 11 61.1 101 39.4 
2. non-government help 79 51.8 50 103.1 129 "Te. 
non-government loan 210 68:0 = SÉ SECH SER 
48 68.4 13 105.1 61 76.2 


3 
4. sale of assets 


ocalities taken together, the average amount of government 
E hold was Rs.39.4 In government colonies, the amount 
dole per receiving household was Rs.36.7 and in other localities the amount was 
of dole per receiving amount of non-government help per receiving household 
Rs.61.1. The WEE reos of all localities taken together and Rs.51.8 for 
was Rs.71.7 ae Rs.103.1 for the other localities. : Similar amounts of 
o 


government col 
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non-government loans were Rs.67.8 for all localities, Rs.63.0 for government colonies 
and Rs.91,5 for other localities. The amounts obtained per household by selling 
assets were Rs.76.2 for all localities, Rs.68.4 for government colonies and 
Rs.105.1 for other localities. 


5.21. In view of the fact that 18.7 per cent of the total sample households 
reported that they got loans from non-government sources for purposes of consump- 
tion, a closer study of the nature of these loans has been made. The households 
which reported that they got loans for consumption have been arranged by the 
nature of the securities given by them and whether they had to pay any interest 
or not. The details in this regard have been given in Table (16) at the = of the 
report. A summary of these figures is given in Table (5. 5) below. 


TABLE (5.5 : NUMBER OF HOUSEHOLDS TAKING LOANS FOR CONSUMPTION WITH OR 
WITHOUT INTEREST BY TYPES OF SECURITIES 


government colonies other localities all localities 
security 
with without total with without total with without total 
interest interest interest interest interest interest 
(1) (2) (3) (4) (5) (6) (7) (8) (9) (10) 
1. none 5 46 51 2 24 26 7 70 77 
2. personal 19 115 134 1 13 14 20 128 148 
3. goldorothers 4 10 14 1 1 2 5 11 16 
4. not returned 1 10 11 - 1 1 1 11 12 
5. total 29 181 210 4 39 43 33 220 253 


5.22. In government colonies, of the 210 households who reported to have 
taken loans to meet consumption demands, only 29 stated that they had to pay 
interest for the loans and another 10 did not pay interest but got the loans against 
gold and other articles as securities. The rest, i.e., 171 households or 81.4 per cent 
stated that they got the loans without interest and without any proper security. 
This seems to be surprisingly high proportion for those who could get loans in such 
favourable terms. It will be seen that their proportion to total sample households 
for the government colonies (171 out of 880) is 19.4 per cent. In other words, roughly 
every fifth household in the government colonies could get loans from non-government 
sources without interest and without proper security. 


5.23. The picture seems somewhat unrealistic and probably there had been 
incorrect statements about the loans and it is highly likely that a part of these house- 
holds in understating their incomes had to explain the gap between expenditure 
and income by loans. From Table (5.3) of this chapter it will be seen that 23.9 per 
cent of the households in government colonies got loans from non-government sources 
and only 4.5 per cent of these got loans against interest orsome securities. The 
statements of some of the remaining 19.4 per cent of the households are open to 
question . 
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5.24. In other localities, 43 households reported that they got such loans 
and 4 of them stated that they had to pay interest and one stated that it got loan 
without interest but against gold or other articles as securities. The remaining 38 
or 88.4 per cent stated that they got their loans without interest and without proper 
securities. The proportion of these 38 households to the total sample of 469 is 8.1 
per cent. This percentage is not so high but even here the possibilities of incorrect 
statements may not be ruled out altogether. 

5.25. Taking the households of all localities together 253 reported that 
they got loans for consumption but 209 of these households or 82.6 per cent stated 
that the loans were obtained without any security or interest. Of the total sample 
households of 1349, 18.7 per cent were reported to have taken loans but, of this 
proportion, 15.5 per cent stated to have taken loans against no securities or interest 
and probably some of these statements in respect of borrowing are not correct. 

5.26. To what extent the incomes of the households could meet the expendi- 
tures was also examined. In doing so, only the receipts which can be considered 
as proper incomes have been taken into consideration, and receipts from government 
dole, non-government help, non-government loan and from sale of assets have been 
It may also be noted that no adjustments have been made for possible 


excluded. ses 
For each household, its income was matched 


understatements regarding incomes. 
against its expenditure and the former has been expressed as percentage of the latter. 
For instance, if the income of a household was only half of its expenditure, the per- 
centage would be 50; or if its income just covered its expenditure, the percentage 
would be 100, and so on. The households have then been arranged by the levels 
of percentages of income to expenditure and the figures have been given in 
Table (5.6) below. 

STRIBUTION OF HOUSEHOLDS BY INCOME TO EXPENDITURE PERCEN- 


TABLE (5.6): DI 
TAGE LEVELS 


——— other localities all localities 


government colonies 


BEE Aube pet. uan — e A A a 
expenditure of pons ae P holds age holds age c 
© (3) (4) (5) (6) (7) (8) (9) (10) 
z = 12.4 100.0 19 4.1 100.0 128 9.5 100.0 
Fe e M 87.6 8 17 95.9 32 oui — 90.5 
2 upto 2% m" 14 30 942 54 4.0 88.1 
& m—4 9 eg - 23 49 912 95 7.0 84.1 
a ao E. S 2 3 ai 86.3 129 96 77.1 
5.  61— 80 o 10.3 a 15 3.2 78.2 57 4.2 67.5 
6. ss 4 + wm 134 28.6 75.0 317 33.8 63.3 
7. 91—100 183 we m 918 46.4 46.4 537 39.8 39.8 
8. abovo 100 319 — $77 : 469 100.0 = 1349 100.0 = 
9 


. total sso 100.0 e 
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5.27. Taking the households living in all the localities together, 39.8 per 
cent of the households had incomes above expenditure, 63.3 per cent had incomes 
over 90 per cent of their expenditure and 67.5 per cent had incomes over 80 per 
cent of the expenditure. At the other extreme, 9.5 per cent of the households had 
no proper incomes at all and were living entirely on government doles, non-govern- 
ment help, non-government loans or by sale of assets. 


5.28. In the government colonies, 36.2 per cent of the households had in- 
comes larger than their expenditures, 57.0 per cent had incomes over 90 per cent 
of their expenditures and 61.8 per cent over 80 per cent of their expenditures. At 
the other extreme, 12.4 per cent of the households had no proper incomes at all and 
were depending on various kinds of help. 


5.29. In other localities 46.4 per cent of the households had incomes larger 
than their expenditures ‘and 75.0 per cent had incomes over 90 per cent of their 
expenditures, and 78.2 per cent had incomes over 80 per cent of their expenditures. 
At the other extreme, 4.1 per cent ofthe households had no proper incomes and were 
depending on various kinds of help. 

5.30. The relative positions of the households living in government colonies 
and in other localities are clear from the figures, namely, that a higher proportion 
of households living outside the colonies is now on their feet as compared with those 
living in the colonies. But in considering the absolute position regarding the pro- 
portion earning enough to cover their expenses, one should be cautious in interpreting 
the figures of Table (5.6). As discussed in paragraphs 5.22-5.25, there are indica- 
tions that incomes were probably understated, although it is not possible to indicate 
the extent of understatement. Even though unsatisfactory, some arbitrary level 
may be adopted to allow for understatement of incomes in order that one-may get 
at some concrete figures. For instance, if it is assumed that all households who by 
their incomes covered over 80 per cent of their expenses be considered in effect as 
covering whole expenses, then 61.8 per cent of the households in the government 
colonies and 78.2 per cent of those living outside the government colonies were 
self-supporting at the time of this survey. But whether that level (ratio of income 
to expenditure) should be taken at 90 per cent or, 80 per cent or, 60 per cent will 
depend on the judgment of those who are familiar with the local conditions. 
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CHAPTER SIX 
LOANS 


6.1. The households obtained loans from the Government and also from 
non-government sources. Particulars regarding outstanding loans (for consump- 
tion and enterprise) were collected in the survey and the figures showing the house- 
holds having outstanding government loans, non-government loans and both govern- 
ment and non-government loans have been given below in Table (6.1) along with 
average amount of outstanding loans per household. 


NUMBER OF HOUSEHOLDS WITH AN AMOUNT PER HOUSEHOLD OF 


TABLE (6.1) : 
OUT-STANDING LOANS BY TYPES OF LOANS 


all localities 


government colonies other localities 
number per- average number per- average number per- average 
type of loans of house- cent- amount of house- cent- amount of house- cent- amount 
holds age of (in Rs.) holds age of (in Rs.) holds age of (in Rs.) 
total total total 
a) (2) (3) (4) (5) (6) (7) (8) (9) (10) 
1. government 
loans 321 36.4 806.7 73 15.6 1986.8 394 29.1 1025.3 
2. non-govern- 
mont loans 438 49.8 866.8 164 35.0 2417.7 602 44.6 1289.3 
3. government K 
cum non-go- 562 64.0 1136.3 191 40.8 2835.3 753 55.9 1507.2 
vernment loans 
4. no loans 318 36.0 — 278 59.2 = 596 44.1 T 
469 1349 


"6,2, Taking the households of all localities together, 29.1 per cent of the 
households had outstanding government loans and the average amount outstanding 
: 44.6 per cent of the households had non-govern- 


was Rs.1025.3 per household. 
and the amount outstanding per household was Rs.1289.3. Taking 
-government loans together, 55.9 per cent of the households 


rage amount was Rs.1567.2 per household. 44.1 per cent 


ment loans 
government and non 
had loans and the ave 
of the households had no outstanding loans. 
6.3. In the government colonies, 36.4 per cent of the households had govern- 
3. e average amount was Rs.806.7 per household. 49.8 per cent 
ment loans and the average amount per house- 


À : and non-government loans together 
Taking government an I 
pa was Ge had loans and the amount was Rs.1136.3 per house- 
B O: : 
We y" cent of the households had no outstanding loans 
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6.4. In other localities, 15.6 per cent of the households had government 
loans but the size of loans was larger and the average amount was Rs.1986.8 per 
household. 35.0 per cent of households had non-government loans and the per 
household amount was Rs.2417.7. Taking government and non-government loans 
together, 40.8 per cent of the households had loans and the average amount was 


Rs.2835.3 per household. 59.2 per cent of the households had no outstanding 
loans. 


6.5. A distribution of the households by the size of the outstanding govern- 


ment and non-government loans taken together is given below. 


TABLE (6.2) : DISTRIBUTION OF HOUSEHOLDS BY SIZE OF OUTSTANDING 
GOVERNMENT AND NON-GOVERNMENT LOANS 


— l 


government, colonies other localities all localities 
level of number  percent- number percent- number percent- 
outstanding of house- age of house- age of house- age 
loans (Rs.) holds holds holds 
(1) (2) (3) (4) (5) (6) (7) 
¡E 0 318 36.0 278 59.2 596 44.1 
2 up to 499 185 21.2 50 10.7 235 17,5 
3 500 — 999 182 20.7 44 9.4 226 16.7 
4. 1000 — 2999 158 18.0 57 12.2 215 16.0 
5. 3000 — 4999 17 1.9 15 3.2 32 2.4 
6. 5000 — 9999 18 2.0 12 2.6 30 2.2 
7. 10000—14999 1 0.1 8 1 9 0.7 
8. 15000—19999 3 0.6 3 0.2 
9. 20000 & above 1 0.1 2 0.4 3 0.2 
10, total 880 100.0 469 100.0 1349 100.0 


6.6. Taking the households of all localities together, 17.5 per cent had 
loans below Rs.500, and 34.2 per cent below Rs.1000. Only 5.7 per cent of house- 
holds had loans amounting to Rs.3000 and above. 


6.7. In the government colonies, 21.2 per cent of the households had loans 
below Rs.500, and 41.9 per cent below Rs.1000. 4.1 per cent of the households 
had loans amounting to Rs.3000 or above. There were only two households who 
had outstanding loans over Rs.10,000. 


6.8. In other localities, 10.7 per cent of the households had loans below 
Rs.500, and 20.1 per cent below Rs.1000. 8.5 per cent of the households had 
loans amounting to Rs.3000 or above. There were as many as 13 households (2.7 
per cent) whose size of outstanding loans was over Rs.10,000. 
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6.9. Particulars regarding government loans were obtained in greater details 
and not only information on outstanding loans but also the details of these loans 
from the beginning were obtained. Full particulars in this regard have been 
given in Tables (21) to (24) at the end, but some of the more important figures have 
been given in the summary tables of this chapter. Government loans represent 
loans from all Government Agencies including the Rehabilitation Finance Adminis- 
tration. 

RECEIPTS, UTILISATION AND REPAYMENT PER HOUSEHOLD OF GOVERN- 
MENT LOANS AND GRANTS FOR DIFFERENT PURPOSES IN GOVERNMENT 
COLONIES 


TABLE (6.3) : 


number of households =880 


type of loans amount interest 
and grants number amount: extent utilised repaid up to paid up to 
of house- received — the period the period 
holds (in Rs.) amount percentage of survey of survey 
(Rs.) (in Rs.) (in Rs.) - 
(1) (2) (3) (4) (5) (6) (7) 
1. house-building 3 4750.0 4500.0 94.7 — — 
2. trade 284 796.4 598.2 75.1 8.7 4.6 
3. profession 25 619.0 454.6 73.4 0.2 0.0 
4. maintenance loan 12 563.3 563.3 100.0 101.6 0.0 


5. education loan 
4 787.5 437.5 55.6 — = 


6. maintenance grant 
7 


. education grant 
_— 0 O O — = LE 
6.10. A small number of households received more than one type of loan 
mentioned, that the total of households shown in column (2) 
will be larger than the total of households in govemment colonies who received loans. 
The majority of loans were trade and professional loans, and trade loans included 
loans to craftsmen also. 284 of the households received trade loans and the average 
amount came to Rs.796.4 per household. As stated by these households, 75.1 per 
cent of the amount were, on the whole, utilised for setting up their trades. The 
t was utilised for consumption, repayment of private loans and similar 
25 of the households took professional loans and the amount per 
household was Rs.619.0. On average 73.4 per cent of the amount were utilised 
for setting up their professions. 12 of the households obtained maintenance loans 
and the atoan per household was Rs.563.3. It may be noted that an average 
amount of Rs.101.6 per household was paid back to the Government. 4 of the 


households obtained maintenance grants and the amount per household was Rs.787.5 


but erage, only 55.6 per cent were utilised for maintenance and the rest utilised 
ut, on average, 55. 


and hence, it may be 


remaining par 
other purposes. 
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for repaying private loans. 3 of the households got house-building loans and the 
amount per household was Rs.4750.0, 94.7 per cent of which had so far been 
utilised for house-building and the rest remained as cash balance. 

6.11. The particulars in regard to households living in other localities are 
given in Table (6.4) below. 


TABLE (6.4) : RECEIPTS, UTILISATION AND REPAYMENT PER HOUSEHOLD OF GOVERN- 
MENT LOANS AND GRANTS FOR DIFFERENT PURPOSES IN OTHER 


LOCALITIES 
—- F ————.-—.,v— 
number of households=469 
amount interest, 
type of loans number amount extent utilised repaid up to paid up to 
and grants of house- received — the period the period 
holds (in Rs.) amount per- of survey of survey 
(Rs.) centage (in Rs.) (in Rs.) 
(1) (2) (3) (4) (5) (6) (7) 
1. house-building — — E = = — 
2. trade 66 2117.4 1741.4 82.2 4.5 18.8 
3. profession 4 950.0 812.5 85.5 — — 
4. maintenance loan 2 550.0 550.0 100.0 105.0 — 
5. education loan 1 1500.0 1500.0 100.0 600.0 0.0 
6. maintenance grant 4 123.5 87.5 70.9 — = 
7. education grant 2 133.0 133.0 100.0 — ES 


6.12. 66 of the households living in other localities received trade loans 
but the amount per household was much larger than that for the government colonies, 
namely, Rs.2117.4. On average, 82.2 per cent of this amount were utilised for 
setting up their trade and more than half of the remainder was still kent in hand 
as balance. 4 of the households got professional loans and the amount was Rs. 950 
per household. 85.5 per cent of this amount were utilised for setting up thoir pro- 
fessions and a good part of the rest was used for consumption. Only 2 households 
got maintenance loans and the amount per household was Rs.550.0, the whole of 
which was utilised for consumption. Here again, it is interesting to note that on 
average Rs.105.0 were paid back by these two households. One household received 
an education loan of Rs.1500 and by the time this survey was carried out, Rs.600 
of this amount were paid back. 4 of the households obtained maintenance grant 
and the amount per household was Rs.123.5 of which 70.9 per cent were utilised 
for maintenance and the rest was held in hand as balance. 2 of the households 
were given education grants and the amount per household was Rs.133.0 which 


was utilised entirely for education. 
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6.13. The figures for the households of all localities taken together are given 


in Table (6.5) below. 
RECEIPTS, UTILISATION AND REPAYMENT PER HOUSEHOLD OF GOVERN- 


TABLE (6.5) : 
MENT LOANS AND GRANTS FOR DIFFERENT PURPOSES IN ALL LOCA- 
LITIES 
number of households=1349 
amount interest 
type of loans number of amount extent utilised repaid up to paid up to 
and grants house- received the period the period 
holds (in Rs.) amount per- of survey of survey 
(Rs). centage (in Rs.) (in Rs.) 
a) (2) (3) (4) (5) (6) (7) 
1. house-building 3 4750.0 4500.0 94.7 — = 
2. trade 350 1045.5 813.7 77.8 7.9 7.3 
3. profession 29 664.7 504.0 75.8 0.2 = 
4. maintenance 14 561.4 561.4 100.0 102.1 = 
5. education loan 1 1500.0 1500.0 100.0 600.0 Fa 
6. maintenance grant s 455.5 262.5 57.6 = — 
7. education grant 2 133.0 133.0 100.0 — — 


6.14. The figures above show the position for all displaced households living 
in government colonies and in other localities taken together, and are thus derived 


from the figures in Tables (6.3) and (6.4). Since detailed comments have been given 
for the figures of the two earlier tables, further comments will not perhaps be necessary. 


6.15. A distribution of the households arranged by the amounts of govern- 
ment loans (of all types) received by them is given in Table (6.6) below. 


TABLE (0.6) : DISTRIBUTION OF HOUSEHOLDS BY THE AMOUNT OF 
GOVERNMENT LOANS RECEIVED BY THEM 


other localities all localities 


government colonies 


Que pecu qr memi us mem mo" 

a) (2) (3) (4) (5) 6) a 

1. 0 559 63.6 396 84.4 955 70.9 
2. up to 499 109 12.3 18 3.9 127 gd 
3. 500 — 999 150 Val 23 4.9 173 12.8 
4. 1000 — 2999 52 5.9 20 4.3 A Ge 
5. 3000 — 4999 1 0.1 2 0.4 3 0.2 
6. 5000 — 9999 8 0.9 8 21:9. 16 1.2 
7 10000—19999 1 0.1 1 0.2 2 0.1 
8. 20000 & above — — 1 0.2 l 0.1 
469 100.0 1349 100.0 
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6.16. Taking the households of all localities together, 70.9 per cent did not 
receive government loans of any kind. 9.3 per cent received loans below Rs.500 
and 22.1 per cent below Rs.1000. Only 1.6 per cent of the households received 
loans amounting to more than Rs.3000, 


6.17. In government colonies, 63.6 per cent of the households did not 
receive government loans of any kind. 12.3 per cent of the households received 
loans below Rs.500 and 29.4 per cent below Rs.1000. Only 1.1 per cent of the 
households got loans amounting to Rs.3000 or over. 

6.18. In other localities, 84.4 per cent of the households did not receive 
government loans of any kind. 3.9 per cent of the households received loans below 
Rs.500 and 8.8 per cent below Rs.1000. The proportion of households who got 
loans amounting to Rs.3000 or over was 2.5 per cent. 

6.19. Some percentages indicating the overall proportions of utilisation 
of government loans have been given in Tables (6.3)—(6.5) above. It may now be 
interesting to see the distribution of the households arranged by the degree of utilisa- 
tion of the loans in purposes for which these were taken and the relevant figures are 
given in Table (6.7) below. 


TABLE (6.7) : DISTRIBUTION OF HOUSEHOLDS RECEIVING GOVERNMENT LOANS BY 
PERCENTAGE OF UTILISATION FOR PURPOSES FOR WHICH TAKEN 


———————————————————————————— 


government colonies other localities all localities 
percentage number per- cumula- number per- cumula- number per- cumula- 
of utilisation of house- cent- tive per- of house- cent- tive per- of house- cent- tive per- 
holds age centage holds age centage holds age centage 
(1) (2) (3) (4) (5) (6) (7) (8) (9) (10) 
1, up to 10 69 21.5 100.0 10 13.7 100.0 79 20.1 100.0 
2. 10.1—30 14 4.4 78.5 1 1.4 86.3 15 3.8 79.9 
3. 30.1— 50 9 2.8 74.1 2 2.7 84.9 11 2.8 76.1 
4. 50.1—70 46 14.3 71.3 4 5.5 82.2 50 ar 8 
5. 70.1 — 90 19 5.9 57.0 7 9.5 76.7 26 6.6 60.6 
6. 90.1—100 164 51.1 51.1 49 67.2 67.2 213 54.0 54.0 
7. total 321 100.0 73 100.0 394 100.0 
8. number of households 880 469 1349 


6.20. Taking the households of all localities together, it will be seen that 
54.0 per cent of the households utilised almost the full amount of their loans in 
purposes for which these were taken. At the other extreme, 20.1 per cent of the 
households utilised only up to 10 per cent. In the government colonies, 51.1 per 
cent of the households utilised almost full amounts of their loans in purposes for 
which these loans were taken. 21.5 per cent of the households utilised only up to 
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10 per cent. In other localities, 67.2 per cent of the households utilised almost the 
whole amount in purposes for which the loans were taken. 13.7 per cent of the 
households utilised only’ up to 10 per cent. 

6.21. A separate table showing the percentages of utilisation of trade and 


— AA 


professional loans is given in Table (6.8) below. 


TABLE (6.8) : PERCENTAGE DISTRIBUTION OF HOUSEHOLDS RECEIVING TRADE 
AND PROFESSIONAL LOANS BY PERCENTAGE UTILISATION FOR 
THE PURPOSE TAKEN 


— 
E 


government colonies other localities all localities 


percentago of 
utilisation trado prof. trade prof. trado prof. 
loans loans loans loans loans loans 
(1) (2) (3) (4) (5) (6) (7) 
1l. upto 10 21.4 32.0 16.7 = 20.6 27.6 
2, 10.1—30 4.3 = SS = 3.4 - 
3. 30.1— 50 2.9 4.0 1.8 35.0 2.5 6.9 
4 80.1— 70 15.2 16.0 6.0 Es 13.5 18.8 
a 70.1 — 90 6.3 4.0 9.1 25.0 6.9 6.8 
6. 90.1—100 49.9 44.0 66.7 50.0 53.1 44.9 
7. total 100.0 100.0 100.0 100.0 100.0 100.0 
s. number of house- 
pee we dd 25 66 4 350 29 
NOE in RE ne 
i pa 880 E 469 1349 


Taking all the households of all localities together, 53.1 per cent of 
the households utilised nearly fully the trade loans in trading. 20.6 per cent utilised 
only up to 10 per cent. As compared with this, 44.9 per cent of the households 
taking professional loans utilised the money almost to the full extent in profession 
and 27.6 per cent utilised only up to 10 per cent. 

6.23. In government colonies, 49.9 per cent of the households taking trade 
he money nearly fully in trading while 21.4 per cent utilised only 
Regarding professional loans, 44.0 per cent of the households 
ole money in profession while 32.0 per cent of the households 


6.22. 
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HOUSING AND MISCELLANEOUS STATISTICS 


Hovusine 


7.1. Detailed figures regarding the housing conditions of the displaced 
households are given in Tables (25) to (31) at the end of this report, but the more 
important results have been discussed in this chapter. The Table (7.1) below shows 
the distribution of the sample households by types of possession of their living 
accommodation. 


CHAPTER SEVEN x 


TABLE (7.1) : DISTRIBUTION OF HOUSEHOLDS BY TYPES OF POSSESSION OF LIVING E 


ACCOMMODATION 
government colonies other localities all localities 
nature of 
occupation number of percentage number of percentage number of percentage 
households households households 
a) (2) (3) (4) (5) (6) (7) 

1. rented 869 98.9 409 89.3 1278 95.6 
2. owned 10 Led 49 10.7 59 4.4 
3. total 879 100.0 458 100.0 1337 100.0 
—— E — | 
4. no information 1 — 11 — 12 — 
5. sample 

households 880 469 1349 


7.2. Taking the households of all localities together and for which the 
information is available, 95.6 per cent were living in rented accommodation. In 
the government colonies, the proportion of households living in rented accommoda- 
tion was 98.9 per cent; and for other localities the proportion was 89.3 per cent. 

7.3. A distribution of households by the number of rooms occupied by them 
is given in Table (7.2) below. 


TABLE (7.2): DISTRIBUTION OF HOUSEHOLDS BY THE NUMBER OF ROOMS OCCUPIED 


government colonies other localities all localities 
numbar of —— ——— 
rooms number of percentage number of percentage number of percentage 
households households households 
(1) (2) (3) (4) (5) (6) (7) 

L d 753 85.7 192 41.0 946 70.2 

2, 2 91 10.3 174 37.2 264 19.6 

$53 23 2.6 66 14.1 89 6.6 | 
4. dand above 12 1.4 36 HT à 48 3.6 d 
5. total 879 100.0 468 100.0 1347 100.0 
6. no information 1 = 1 <= 2 — A 
7. sample households 880 469 1349 f 
8. average person "m 9,9 Ae 


per room 
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7.4. Taking all localities together and those households for whom the infor- 
mation is available, 70.2 per cent were living in one-room accommodation, 19.6 per 
cent in two-room accommodation and 10.2 per cent had three or more rooms to 
accommodate them. On average, 3.6 persons were living in a room. 

7.5. As it will be seen, the households living outside the government colonies 
were in a better position from the point of view of housing also. 2.9 persons were 
living in a room as against 4.0 persons per room in the government colonies. 41.0 
per cent were living in one-room accommodation as compared with 85.7 per cent 


in the government colonies: and this is not the complete picture. Many of the house- 


holds shown as occupying one-room accommodation in government colonies had 
rooms in notional sense rather than in real sense because they were living in large 
sheds together with other households without any privacy. For instance, in Ulhas- 
nagar township about a third of the households were living in big sheds where 20 to 
30 households were accommodated under one roof with no proper partitions. In 
some cases partitions were put up by the households themselves with bamboo matting, 
wood or similar material; and there were cases where the partitioning was done by 
sackcloth, and in many cases there were no screens at all. 

7.6. It is regretted that specific information regarding the proportion of 
households living under these conditions was not collected in this survey because 
it was not realised at the time of preparing the questionnaire that even after four 
or five years since migration, the housing conditions might be like this. As there 
were no clear instructions on this point, the investigators took as one room the floor- 
space occupied by a household in such a shed and even in recording the type of plinth, 


wall and roof, they recorded the particulars for the shed as a whole. It has been 


reported, however, that these sheds in the colonies are being reconditioned and 


partitioned into one-room tenements. 


7.7. The distribution of households by the area of floor space occupied 


by them is given in Table (7.3) below. 
DISTRIBUTION OF HOUSEHOLDS BY THE AREA OF FLOOR SPACE OCCUPIED 


TABLE (7.3): 
other localities all localities 


government colonies 
number of percentage 


number of percentage 


floor space 

PES EE (ge . households households 
(1) (2) (3) (4) (5) (6) (7) 
Ge up to 100 70 7.9 80 17.0 150 ger 
2. 101—200 468 53.2 146 31.1 614 45.5 
2. —2 E 
3. 201—300 218 24.8 112 23.9 330 94.5 
4. 301—400 64 7.8 59 12.6 123 9.1 
| ; 7 15.4 132 9.8 
5. 401 & above 60 6.8 72 ° us 
1349 1 

100.0 469 100.0 
6. total 880 
7. floor space (sq. ft) 46.0 47.9 — 
per person (sq: It: 
273 
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7.8. Taking all localities together, only 11.1 per cent of the households 
had floor space of 100 sq. ft. or even less than that. 45.5 per cent of households had 
floor space between 101 and 200 sq. ft. and 24.5 per cent floor space between 201 
and 300 sq. ft. 18.9 per cent had floor area over 300 sq. ft. The average floor space 
per person was 46.7 sq. ft. 


7.9. In government colonies, the main concentration of the households 
was in areas between 101 and 300 sq. ft. accounting for 78.0 per cent. 7.9 per cent 
had floor space of 100 sq. ft. or below; and 14.1 per cent had floor areas above 300 
sq. ft. The average floor space per person was 46.0 sq. ft. 

7.10. In other localities, the distribution was more spread out. 17.0 per cent 
of the households had floor space of 100 sq. ft. or below, 31.1 per cent between 101 
and 200 sq. ft. and 23.9 per cent between 201 and 300 sq. ft. 28.0 per cent of the 
households had floor space over 300 sq. ft. The average floor space per person was 
47.9 sq. ft. 


7.11. The distribution of the households by the nature of the structures 
in which they were living is given in Table (7.4) below. 


TABLE (7.4) : DISTRIBUTION OF HOUSEHOLDS BY TYPE OF CONSTRUCTION OF LIVING 


ACCOMMODATION 
government colonies other localities all localities 
type of construction 

number of percent- number of percent- number of percent- 

house- age house- age house- age 

holds holds holds i 

a) (2) (3) (4) (5) (6) (7) 

1. totally brick-built 81 9.2 137 29.2 218 16.2 
2. mixed 710 80.7 156 33.3 866 64.2 
3. totally non-brick-built 89 10.1 176 37.5 265 19.6 
4. total 880 100.0 469 100.0 1349 100.0 


7.12. Taking all localities together, 16.2 per cent of households were living 
in totally brick-built structures, 64.2 per cent in partly brick-built and partly non- 
brick-built structures and 19.6 per cent in totally non-brick-built ones. 


7.13. In government colonies, 9.2 per cent of households were living in totally 
brick-built structures as compared with a proportion of 29.2 per cent for other locali- 
ties. The houses in the government colonies were somewhat standardised in the 
sense that 80.7 per cent of the households were living in structures of mixed type. 
As compared with this, the proportion living in mixed structures in other localities 
was 33.3 per cent. 10.1 per cent of the households in the government colonies were 
living in totally non-brick-built structures as compared with 37.5 per cent for other 
localities. 
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7.14. A distribution of households by type of plinth, wall and roof of living 
accommodation is given in Table (7.5) below. 
TABLE (7.5) : DISTRIBUTION OF HOUSEHOLDS BY TYPE OF CONSTRUCTION OF LIVING 


ACCOMMODATION 
government colonies other localities all localities 
type of construction 
number of percent- number of percent- number of percent- 
house- age house- age house- age 
holds holds holds 
(1) (2) (3) (4) (5) (6) (7) 
plinth wall roof 
l. brick brick brick 81 9.2 137 29.2 218 16.2 
2. brick brick tile, c.i. A 
sheets, ete. 662 75.2 140 29.8 802 59.5 
3. brick c.i. c.i. 
sheets sheets 11 1.3 8 1.4 19 1.4 
4, d brick tile, c.i. 
E Ë: sheets, etc. 37 4.2 8 1.8 45 3.3 
5. other other other 89 10.1 176 37.5 265 19.6 
6. total 880 100.0 469 100.0 1349 100.0 
7.15, Most of the structures in the government colonies had brick-built 


plinths, brick-built walls and roofs made of tiles, c.i. sheets or similar material. The 
households living in such structures account for 75.2 per cent of the total. As com- 
pared with this, the proportion of households living in such structures in other locali- 
ties was 29.8 per cent. Next in order of importanos were the totally non-brick-built 
structures; 10.1 per cent of the households in the goverment colonies and 37.5 per 
cent of the households in other localities were living in such structures. 


LIGHTING 
7.16. The distribution of households by the type of lights used by them 


is given in Table (7.6) below. 
BUTION OF HOUSEHOLDS BY TYPE OF LIGHTING 


TABLE (7.6) : DISTRI mme 000 
government colonies other localities all localities 
E 


ji x e og 
"S e (3) (4) (5) (6) a 
UI d SCH 334 71.5 660 49.1 
1. electric == 61.7 133 28.5 675 50.1 
2. kerosene i (LS ES = 11 0.8 
2 379 100.0 467 100.0 1346 100.0 
4. total : " 3 


0 
6. sample households 89 
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7.17. Taking all localities together and all the households for which the 
information is available, 49.1 per cent were using electric lights and 50.1 per cent 
kerosene lights. In government colonies 37.1 per cent of the households were using 
electric lights and 61.7 per cent lights with kerosene oil. A very small proportion 
of households, e.g., 1.2 per cent used other oils. In other localities, 71.5 per cent 
of the households were using electric lights and 28.5 per cent used kerosene oil for 
lights. 


WATER SUPPLY 


7.18. In regard to drinking water the distribution of households by source 
of water and the average distance of the source from the living quarter is shown in 
Table (7.7) below. 


TABLE (7.7) : DISTRIBUTION OF HOUSEHOLDS BY SOURCE OF DRINKING “WATER WITH 
AVERAGE DISTANCE OF SOURCE 


——————————— M MM— 


government colonies other localities all localities 
source of number per- dis- number per- dis- number per- dis- 
drinking water of house- cent- tance of house- cent- tance of house- cent- tance 
holds age in yds. holds age in yds. holds age in yds. 
(1) (2) (3) (4) (5) (6) (7) (8) (9) I (10) 

1. tube well 2 0.2 22.5 1 0.2 10.0 3 0.2 18.3 
2. tap 729 82.9 22.4 394 84.1 11.5 1123 83.2 18.6 
3. well 147 16.7 43.8 71 15.1 58.8 218 16.2 48.7 
4. ers 2 0.2 —* 3 0.6 136.7 5 0,4 82.0 
5. total 880 100.0 25.9 469 100.0 19.5 1349 100.0 23.7 


* not available 


7.19. Over 80 per cent of the households got their drinking water from 
taps. In government colonies the proportion of such households was 82.9 per cent 
and in other localities it was 84.1 per cent. 16.7 per cent of the households in govern- 
ment colonies got drinking water from wells as compared with 15.1 per cent in other 
localities. Tube wells as a source of supply of water were rare. 


7.20. The average distance of the source was longer in government colonies 
than in other localities. The households living in government colonies got drinking 
water from taps which on average were located 22.4 yards away as compared with 
11.5 yards for other localities. In the case of wells, the average distance in govern- 
ment colonies was 43.8 yards as compared with 58.8 yards for other localities. 


7.21. The same source of water was used by à number of households and 
the data in this respect are given in Table (7.8) below. 
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TABLE (7.8) : DISTRIBUTION OF HOUSEHOLDS BY NUMBER USING THE SAME 
SOURCE OF DRINKING WATER ES 
E 


a ES government colonies other localities all localities 
households using number percent- number percent- number percent- 
the same source of house- age of house- age of house- age 
holds holds holds 
a) (2) (3) (4) (5) (6) (7) 
ue 1 63 7.8 171 40.2 234 18.0 
2. 2 6 0.7 28 6.6 34 2.6 
3. 3 2 0.2 19 4.5 21 1.6 
4. 4 1 1.3 5 3.5 26 2.0 
5. 5—10 36 4.1 7 17.4 110 8.5 
6. 11—20 131 15.0 37 8.7 168 12.9 
7.  81—30 192 22.0 19 4.5 211 16.3 
8. above 30 432 49.5 62 14.6 494 38.1 
9. total 873 100.0 425 100.0 1298 100.0 
10. no information T — 44 — 51 — 


11. sample households 880 — ' 469 — 1349 — 


2 per cent of the households did not 


7.22. In government colonies, only 7. 
This proportion for other locali- 


share the use of the source with other households. 
At the other extreme, 49.5 per cent of the households living 
he use of the source with more than 30 house- 
ving in other localities was 14.6 per cent. If 
he source with more than 10 others is con- 
as compared with 


ties was 40.2 per cent. 
in government colonies were sharing t 
holds; the proportion for households li 
the proportion of households sharing t 
sidered, the percentage for government colonies comes to 86.5 
27.8 per cent for other localities. 

7.23. Information was also collected in regard to water used for purposes 
other than drinking. Table (7.9) below shows the distribution of the households 


by the source. 
TABLE (7.9) : DISTRIBUTION OF HOUSEHOLDS BY SOURCE OF NON-DRINKING WATER 


WITH AVERAGE DISTANCE OF SOURCE 


other localities all localities 


government colonies 
source of = - 
LA. s 73 dis- number  per- dis- number  per- dis- 
S e um anis danos of house- cent- tance of house- cent- tance 
Bj holds age in yds. ___holds age n yds. holds — age in yds. 
@ el 0 A (5) (6) (7) (8) (9) (10) 
1. thaw! à 0.2 22.5 1 0.3 10.0 3 0.3 18.3 
GE 655 82.3 19.5 291 80.4 9.6 946 81.7 16.4 
2. ta 2. 
3. & s 2 0.2 195.0 11 3.0 293.6 13 1.1 967.7 
. tank 2 E E j 
4. well 127 16.0 42.9 50 13.8 55.7 177 15.8 46.5 
. We À 
5. others 10 1.3 32.0 9 2.5 224.4 19 1.6 123.2 
5. other: Ë 
8. tial 796 100.0 21.4 se 1000 BEE Un 000. 22.0 
. total 400.0 Së = — LS 
mun Bí 191 
7. no information 84 I w re h a= s= 
nie ous I 1349 
8. sample households 880 469 P 
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7.24. It will be seen that information from as many as 191 households is 
not available. When these households are excluded from the sample and the rest 
are considered, the distribution of the households comes out broadly the same as that 
in the case of drinking water, except that a few households supplemented their water 
supply from tanks. The average distances of the sources are also similar to those 
recorded for drinking water. 

7.25. Information regarding the number of households using the same 
source for non-drinking water is given in Table (7.10) below. 


TABLE (7.10) : DISTRIBUTION OF HOUSEHOLDS BY NUMBERS USING THE SAME 
SOURCE FOR NON-DRINKING WATER 


government colonies other localities all localities 
number of 
households number percent- number percent- number percent- 
using the of house- age of house- age of house- age 
same source holds holds holds 
a) (2) (3) (4) (5) (6) (7) 
L 1 56 7.9 125 39.6 181 17.7 
2 2 6 0.8 21 6.7 27 2.6 
3. 3 1 0.1 17 5.4 18 1.8 
4. 4 10 1.4 15 4.8 25 2.4 
5.  5—10 23 3.3 50 15.9 73 7, 1 
6: 11—20 94 13.3 28 8.9 122 11.9 
7, 21—30 166 23.4 17 5.4 183 17.9 
8. above 30 353 49.8 42 13.3 395 38.6 
9. total 709 100.0 315 100.0 1024 100.0 
10. no information 171 -— 154 — 325 — 
11. sample 
households 880 = 469 — 1349 — 


7.26. The pattern of crowding in sharing a common source is more or less 
similar to that observed in the case of drinking water. 


LATRINES 
7.27. The distribution of households by types of latrines used by them 
together with the average distance of the latrines from the living quarters is given 
in Table (7.11) below. 


TABLE (7.11) : DISTRIBUTION OF HOUSEHOLDS BY TYPE OF LATRINES USED WITH 
AVERAGE DISTANCE OF THE LATRINES 


— TÜ >>—>,-1—T. o r" P —. 


government, colonies other localities all localities 
` type of latrines number per- dis- number  per-  dis- number per- dis- 
of house- cent- tance of house- cent- tance of house- cent- tance 
holds age in yds. holds age in yds. holds ^ age in yds. 
(1) EC) 3G) wu 6) (60 ^ (7) _ (8) (9 um 
I. underground drain- Ñ ESL. S. ANM. 
= age wiih Hush 27 3.1 3.9 219 — 469 6l 246 — 18.3 — 5.9 
2. septic tank 149 17.0 26.9 6 1.3 29.2 155 11.6 27.0 
3. old type 685 78.4 31.0 198 42.4 24.6 883 65.8 29.6 
4. others 13 1.5 93.8 44 9.4 146.1 57 4.9 134.2 
5. total 874 100.0 30.2 467 100.0 27.3 1341 100.0 29.2 
6. no information 6 — = 2 — — 8 za == 


7. sample households 880 — = 469 — = 1349 gc = 
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7.28. In government colonies, 3.1 per cent of the households were using 
latrines with underground drain and flush. 17.0 per cent were using latrines of 
septic tank type, 78.4 per cent of the old type latrines with pots or baskets. Latrines 
used by the remaining households were unspecified. In other localities, 46.9 per 
cent were using latrines with-underground drains and flush. 1.3 per cent were using 
latrines of septic tank type and 42.4 per cent the old type latrines. 9.4 per cent 
of the households were using latrines of other types or just fields. 


7.29. The average distance, taking all types of latrines together, was 30.2 
yards in government colonies and 27.3 yards in other localities. The average dis- 
tance varied between types of latrines. Latrines with underground drains and flush 


were nearer. Septic tank and old type latrines were located at a distance averag- 


ing between 27 to 29 yards. 
7.30. Information as to how many households were using the same latrines 


is given below in Table (7.12). The figures relate to structures. The number of 


seats in a structure varied usually between 2 to 12 seats. 
DISTRIBUTION OF HOUSEHOLDS BY NUMBERS USING THE 
SAME LATRINES (STRUCTURES) 


other localities all localities 


government colonies 


TABLE (7.12) : 


mots number percent- number percent- number percent- 

using the of house- age em age of house age 

same structure holds 

(1) (2) (3) (4) (5) (6) (7) 

1. 1 38 4.4 116 27.7 154 12.0 
2 2 32 3.7 51 12.1 83 6.5 
3. 3 5 0.6 32 7.6 37 2.9 
4 4 90 10.4 30 7.1 120 9.3 
5. 5—10 35 4.1 98 23.3 133 10.4 
6. 11-20 93 10.8 49 11.7 142 11.1 
7. 21—30 145 16.8 20 4.8 165 12.9 
8. above 30 426 49.2 24 5.7 450 34.9 
9. total 864 100.0 420 100.0 1284 100.0 
10. no information 16 — 49 — 65 me 
D. m 880 = 469 = 1349. - 


households 
onies, only 4.4 per cent of the households were 
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ke un sharing them with others. In comparison. the proportion 
gt 7.7 per cent. At the other end, 49.2 per cent in govern- 

more than 30 households whereas this 


latrines shared by à 
s 5.7. In government colonies, 76.8 per cent of 


haring with more than 10 others, and the corres- 
Gi 
s 22.2 Der cent. 
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PREFERENCE REGARDING MEANS OF LIVELIHOOD 


7.32. Some information on preference of the households regarding their 
means of livelihood was collected in the survey. Preferences of the households do 
not necessarily mean that they will be more successful in their preferred lines than 
their present lines of activities; but these particulars, probably, indicate to what 
extent they had been settling down to their current lines of activities. The informa- 
tion, however, related to the means of livelihood of the principal earners of the house- 
holds only. A two-way distribution of households by present means of livelihood 
and those preferred is given in Table (39) at the end. A summary of the figures is 
given in Table (7.13) below. 


TABLE (7.13) : NUMBER AND PROPORTION OF HOUSEHOLDS PREFERRING TO CONTI- 
NUE THE SAME MEANS OF LIVELIHOOD AS FOLLOWED AT THE TIME OF 
THE SURVEY 


————— 


government colonies other localities all localities 
present preference present preference present preference 
livelihood class liveli- for same liveli- for same liveli- for same 
hood hood hood 

number number per- number number per- number number per- 

of house- of house- cent-  ofhouse- of house. cent- of house- ofhouse- cent- 
holds holds ago holds holds age holds holds nge 
(1) (2) (3) (4) (5) (6) (7) (8) (0) (10) 
1. agriculture 2 1 50.0 1 1 100.0 3 2 66.7 

2. crafts and cottage 

industries 84 44 52.4 40 28 70.0 124 72 58.1 
3. large industries 30 15 50.0 24 16 66.7 54 31 57.4 
4. trade 303 199 65.7 198 153 77.3 501 352 70.3 
5. construction B 10 55.6 9 4 44.4 27 14 51.9 
6. transport 35 17 48.6 24 16 66.7 59 33 55.9 
7. services 182 92 50.5 86 56 65.1 268 148 55.2 
8. prof. services 49 29 59.2 27 16 59.3 76 45 59.2 
9. others 155 95 61.3 56 27 48.2 211 122 57.8 
10. total 858 502 58.5 465 317 68.2 1323 819 61.9 
11. no information 22 — = 4 = = 26 = = 


12, sample households 880 — — 


7.33. "Taking the households of all localities together and all these for which 
information is available, 61.9 per cent preferred activities which they were toloi- 
ing at the time of the survey. The proportions of households preferring to remain | 
in the same activities varied between livelihood classes; the highest being in trade, | 
namely, 70.3 per cent and the lowest in construction, namely, 51.9 per cent. 
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7.34. In government colonies, 58.5 per cent of the households preferred 
to remain in the same activities. The proportions for the different livelihood classes 
varied between 65.7 per cent for trade and 48.6 per cent for transport. In other 
localities, the proportion preferring to remain in the same activities was even higher, 
namely, 68.2 per cent, and over the different livelihood classes the proportions varied 
between 77.3 per cent for trade and 44.4 per cent for construction. 


STATE PREFERENCE OF DISPLACED PERSONS 


7.35. In regard to place of habitation the preferences of the households 


have been shown by the different States of India in Table (40) at the end and 


also in Table (7.14) below. 


DISTRIBUTION OF HOUSEHOLDS BY STATES PREFERRED TO LIVE IN 


TABLE (7.14) : 
MEME EL  _ - eee 
other localities all localities . ++ " 


government colonies 


State proferred number of percent- number of percent- number of percent- 
house- ago house- age house- age 
holds holds holds 
a) (2) (3) (4) (5) (6) (7) 
1. Uttar Pradosh 5 0.6 2 0.4 7 0.5 
2. Bombay 581 66.1 389 83.0 970 71.9 
3. Saurashtra E — 1 0.2 1 0.1 
4. Madhya Pradesh 21 2.4 — = 21 1.6 
5. Madhya Bharat 3 0.3 — = 3 0.2 — 
6. Hyderabad 6 0.7 0.2 - 0.5 
7. Bhopal 1 0.1 — = d 01 
8. Rajasthan 3 0.3 = — 3 0.2 
9. Punjab 2 0.2 2 0.4 4 0.3 
D i 8 0.9 7 1.5 15 1.1 
10. Delhi E Ze 98.4 55 13:7 305 22.6 
11. no opinion 25! bach e sei i A 
12. not recorded — E 2 2. 2 4 
880 100.0 469 100.0 1349 100.0 


13. total 


households of all localities together, 71.9 per cent stated 
n the Bombay State. 22.6 per cent had no opinion. —In- 
other words, only 5.5 per cent of the households preferred to go out of Bombay. 
In government colonies, 66.1 per cent of the Liers preferred to remain in 
the Bombay State and 28.4 per cent had no opinion. That is, only 5.5 per cent 
of the households preferre and of these nearly half preferred. 
Madhya Pradesh. 

7.37. In other localities, 83 0 Leg 
Bombay and 11.7 per cent had no opinion. 
preferred to go away from Bombay. Many of t 
colonies as well as in other localities preferred c 
State and the general preference was larger towns 


7.36. Taking the | 
that they preferred to live i 


d to go to other States, 


cent of the households preferred to stay in 

Another 2.6 per cent of the households 
he households living in government 
hange of places within the Bombay 
than where they had been living. 
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KNOWLEDGE OF LOCAL LANGUAGE 


7.38. Information was also collected in regard to the extent to which the 
local languages were known to the households. The sample households have been 
arranged in Table (7.15) by five categories, namely, (1) those who can read, write 
and speak the local language, (2) those who can read and speak but cannot write 
the language, (3) those who can speak and cannot read or write the language, (4) those 
who can understand but cannot read, write or speak the local language, and, finally, 
(5) those who cannot read, write, speak or understand the local language. It should 
be mentioned in this connection that the question was limited to local languages 
only, mainly Marathi or Gujrati, depending on the area in which the households were 
living. The majority of the households, however, had working knowledge of 
Hindustani. 


TABLE (7.15) : DISTRIBUTION OF HOUSEHOLD HEADS BY DEGREE OF KNOWLEDGE 
OF LOCAL LANGUAGE 


———— A IDD lN IIC W A, 


government colonies other localities all localities 
knowledge of 
local language number percent- number  percent- number percent- 
ofhouse- age ofhouse- age of house- age 
holds holds holds 
(1) (2) (3) (4) (5) (6) (7) 
1, can read, write and speak 46 5.3 83 17.8 129 9.7 
2, can read and speak but 
cannot write 5 0.6 22 4.7 27 2.0 
3, can speak but cannot 
read or write 99 11.4 80 17.1 179 13.4 
4. understand but cannot 
read, write or speak 63 7.3 58 12.4 121 9.1 
5. cannot read, write, speak 
or understand 655 75.4 224 48.0 879 65.8 
6. total 868 100.0 467 100.0 1335 100.0 
7. not returned 12 = 2 = 14 — 
8. sample households 880 = 469 — 1349 — 


7.89. Taking the households of all localities together, 65.8 per cent could 
not read, write, speak or understand the local language. The proportion for govern- 
ment colonies was 75.4 per cent. The proportion for other localities was much 
better, namely, 48.0 per cent. It may probably be repeated that the majority of 
these households, however, had working knowledge of Hindustani. 
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TABLE 2: DISTRIBUTION OF DISPLACED HOUSEHOLDS BY MOTHER TONGUE: 
JULY—SEPTEMBER 1953 " 


ees 


government colonies other localities all localities 
mother tongue 
number number number 
of percent- of percent- of percent- 
house- age house- age house- age 
holds holds holds 
a) (2) (3) (4) (6) (6) (7) 
1, marathi 13 1.5 6 1.3 19 1.4 
2, sindhi 777 88.3 315 67.2 1092 81,0 
3. punjabi 24 25 76 16.2 100 7.4 
4. urdu 1 0.1 2 0.4 3 0.2 
5. hindi 6 0.7 4 0.9 10 0.8 
6. gujrati 35 4.0 49 10.4 84 6.2 
7. others 15 1:4 15 3.2 30 2.2 
8. t 
not returned 9 1.0 2 0.4 11 0.8 
9. total 880 100.0 


469 100.0 1349 


d 
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TABLE 3: DISTRIBUTION OF MEMBERS OF SAMPLE HOUSEHOLDS BY AGE AND 
SEX: JULY—SEPTEMBER 1953 


number of persons percentage 
age group 
| male female total male female total 
H 
(1) (2) (3) (4) (5) (6) (7) 
government colonies 
0 38 47 85 1.8 2.2 2.0 
1-4 211 230 441 9.8 10.8 10.3 
5-14 609 558 1167 28.3 26.0 27.1 
Kë 15-24 445 446 891 20.7 20.9 20.8 
š 306 301 607 14.2 14.1 14.2 
35-44 234 211 445 10.9 9.9 10.4 
45-54 139 155 294 6.5 7.2 6.9 
55-64 106 122 228 4.9 5.7 5.3 
65-74 53 64 117 2.5 3.0 2.7 
75 & above 9 4 13 0.4 0.2 0.3 
total 2150 2138 4288 100.0 100.0 100.0 
a other localities 
0 25 25 50 1.9 1.9 1.9 
1-4 138 117 255 10.3 9.1 9 
5-14 388 344 732 28.9 26.7 27.9 
15-24 247 278 525 18.5 21.6 20.0 
25-34 191 188 379 14.3 14.6 14.4 
35-44 148 143 291 11.1 11.1 11:1 
45-54 112 88 200 I 6.8 7.6 
55-04 49 53 102 7 4.1 j 3.9 
65-74 36 46 82 2.7 3.6 3.1 
— 3 1 10 0.2 0.5 0.4 
all localities 
cud ao oL e 
0 63 72 135 1.8 2.1 2.0 
as 349 347 696 10.0 10.1 10.1 
ER 997 902 1899 28.6 26.2 27.4 
° 724 1416 19.8 21.0 20.5 
A 15-24 692 72 
y 489 986 14.2 14.3 14.3 
25-34 497 ; 
$ 54 736 11.0 10.3 10.6 
35-44 382 Go 
251 243 494 7.2 7.4 "d 
45-54 Ld 1 4.8 
5 330 4.5 Da : 
55-64 195 To "e $3 o 
65-74 89 130 iad A A 
i S 11 23 0.3 0.8 0.3 
Se 75 & above 12 Se E " 


not returned - TT Tb 100.0 


total 3487 3427 6914 
287 
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TABLE 5: AVERAGE NUMBER OF EARNERS, EARNING DEPENDENTS AND NON-EARN- 
ING DEPENDENTS PER HOUSEHOLD BY SEX: JULY—SEPTEMBER 1953 


f= rs nl 


government colonies other localities all localities 
sex 
earner earn- depen- total earner earn- depen- total earner earn- depen- total 
ing dent ing dent ing dent 
depen- depen- depen- 
dent dent dent 
(1) @ (3) (4 (5 (60 (7) (8 (9 (0) (11) (12) (13) 
l male — — 0.87 0.12 1.45 2.44 1.05 0.17 1.63 2.85 0.93 0.14 1,51 9.58 
2. female 0.05 0.04 2.34 2.43 0.04 0.03 2.67 2.74 0.05 0.03 2.46 2.54 
3. total 0.92 0.16 3.79 4.87 1.09 0.20 4.30 5.59 0.98 0.17 3.97 5.12 


4. number of 
households 880 


469 


1349 


—— 


TABLE 6: PERCENTAGE OF EARNER 


8, EARNING DEPENDENTS 
DEPENDENTS BY SEX : 


AND NON.EARNING 
JULY—SEPTEMBER 1953 


Zovernment colonies 


he onie _____ other localities all loealitios 
earner po bur total — enrner carn- depen. total carnor earn- depen- total 
3 g eni ing dent ing dent 
cone depen- depen- 
len: dent dent 
1 2 
a) @) (3) (a) (5) © (7) (8 m (10) (11) (12) (13) 
1. male 17.8 2.6 29.8 50.2 18.7 3.0 29.2 50.9 18.1 2.7 29.6 50.4 
2. female 1.1 0.7 48.0 49.8 9.8 0.5 47.8 49.1 1.0 0.7 47.9 49.6 
3. total 18.9 3.3 77.8 100.0 19.6 3.5 77.0 100.0 19.1 3.4 77.5 100.0 
4. number of 
households 4288 2 
2626 
= 6914 
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TABLE 8: DISTRIBUTION OF ECONOMICALLY 
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ACTIVE PERSONS BY LIVELIHOOD 
CLASSES WITH AVERAGE NUMBER OF DAYS EMPLOYED 


INCOME EARNED PER MONTH : JULY—SEPTEMBER 1953 


AND AVERAGE 


AA, 
government colonies other localities all localities 
livelihood A i 
classes number average income number average income number average income 
of of days per of of days per of of days per 
persons employ- person persons employ- person persons employ- person 
I ed in Rs. ed in Rs. ed in Rs. 
(1) (2) (3) (4) (5) (6) (7) (8) (9) (10) 
l. cultivator, agri- 
cultural and alli- 
ed subjects 3 24 36.50 1 = 300.00 4 18 102.38 
2, crafts and cottage 
industries 120 23 47.59 61 24 86.88 181 23 60.83 
3. large-scale 
industries 40 24 100.56 31 23 141.60 71 24 118.48 
4. trade 399 25 63.43 287 25 116.00 686 25 85.42 
5. construction 27 20 96.77 13 22 187.27 40 21 126.18 
6. transport 47 25 — 107.18 32 25 132.03 79 25 117.22 
7. services 245 25 76.58 135 St 108.25 380 25 87.83 
8. prof. services 59 22 95.54 36 23 157.29 95 22 118.82 
9. others 10 — 100.22 9 3 139.55 19 2 118.85 
10. total 950 24 71.78 605 24 118.14 1555 24 89.81 


government colonies 
days of employ- ee 


other localities 


ment in the month number percent. income 
of age per of 
persons person persons 

in Rs. 


age 


number percent. 


S BY DAYS OF 
COME EARNED : JULY— 


all localities 


income number percent. income 
per of age per 
person 


persons 


in Rs. In. Re. 
(1) (2) (3) (4) (5) (6) 


| (7) (8) (9) (10) 
1 1-7 11 1.2 14.18 8 1.8 24.95 19 1.9 18.42 
2. 8-14 28 2.9 30.67 6 1.0 46.08 34 2.2 33.39 
3. 15-91 120 12.6 42.08 37 6.1 77.14 157 10.1 50.34 
4. 99-30 791 83.3 78.54 554 91.6 123.01 1345 86.5 96.86 


292 


118.14 1555 100.0 89.81 
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TABLE 10: DISTRIBUTION OF SAMPLE HOUSEHOLDS BY LIVELIHOOD CLASSES BEFORE 
MIGRATION AND IN THE PERIOD OF THE SURVEY: JULY—SEPTEMBER 
1953 i 


——Ñak ..:. Í." f.f:— t< F 
ir. i livelihood before migration 


sés g E = 
2-568 ° El 3 
EE? ER E 
present livelihood EL BoP $ š Š m E m E 
Sak ebe 23 E EN S 2 2 ge 3 
383 238 68 2 3 E E gf Š À < 
pea ges Da E E f E BE š š 3 
gS 598 38 E S E 89 al % d Y 
o ` (2) (3 (0 (5) (6 (0 (9 (9) (10) (11) (12) 
government colonies 
1. agriculture, animal husbandry ` š SESCH 4 
etc. 1 - - 1 - - - - - - 2 
2. crafts and cottage industries 13 4 _ 2 13 2 _ 9 1 2 1 84 
3. large-scale industries 6 2 8 5 - 1 5 - 3 - 30 
4. trade 49 4 5 205 2 2 28 3 5 - 303 
5. construction - 1 - 2 18 os 2 = - - 18 
6. transport 4 2 - 10 - 9 6 2 2 - 35 
7. services 22 12 4 40 4 3 83 3 10 1 182 
8. professional services 4 - - 2 - - 2 3 3 - 49 
9. others 35 10 4 50 3 1 24 8 1 o 155 
a3 we emer E 1 5 = 1 353 32 1 LX. 
ll. total 139 76 24 333 24 17 162 56 37 12 880 
other localities 
1. agriculture, animal husbandry 
ete. _ - - L - - = - - - 1 
2. crafts and cottage industries — 28 - 8 = = 4 a = E 40 
3. large-scale industries 1 1 TM - - 2 - 2 - 24 
4. trade 13 3 5 147 T 1 20 3 4 1 198 
5. construction - - - 1 6 - 1 1 - - 9 
g E - 24 
6. transport 2 2 1 8 2 Es 3 z SE 
6 
7. services 2 4 1 m 2 t E 
: 1 2 = - 2 2 - 1 n 
8. professional services = e ig S a _ ` 56 
3 - 2 9 1 
9. others 10 2 1 2 
10. not returned -acca Ho e o — pee 
. not retur —— ET 
ak — 11 88 32 20 6 469 
ll, total I —m8 40 16 216 13 11 88 32 - 0 ] 
— all localities E 
L'an — | s 2 - - AA 
ete 9 p 
ü à à 91 2 = 13 1 2 1 124 
2. crafts and cottage industries 13 69 — + 5 1 s 5 54 
š š 7 8 I 1 er F. > 
3 -£ tries 4 — 
: wÇ: scale industri M E 10 352 93 3 48 6 9 1 501 
. trade I 2 1 b 3 19 _- 3 d _ - 27 
5. construction R P 1 18 2 14 9 2 3 - 59 
6. transport S 6 6 128 6 16 4 268 
e à dé à "9 
7. services " 1 4 E = 4 59 3 1 76 
8. professional services ° 3 ` m e 3 33 12 18 10 211 
9. others 2 1.42 54141 A 4. 9 
5 A AAA NE TS: 
— a 37 28 250 88 57 18 1349 


e 
E € z = iii = — - 
es O'O0T cert 000 &9°0L9 0001  7$9'SSc 0'001 IT IFT 0 001 SOLL 0001 . 80°98 18703 "9 
FA — — 
E FOI 08 "LG bag 6'0c +P"09 6°91 L8°€¢ TU S0 IT Ra 99°F snoous[[oosrur *g 
< 69 EA DIr o-¢ 9C'FI 39 SL SL £0'9 To 68€ 949317 puv [ong ^y 
- £'9 90'6 LG'LF 078 ETET $'9 Ip T'E eg'c ZS CRU SOUBUOJUTBUL 
E 10 quer osnoq `£ 
0'6 Sel S9"TOT UII €6 "IE SL L£'0I LS 98°F Sy €9'I Jurgo “3 
To £6°FS 6 OF 69° FLE 0:89 SP "Sel I'89 86°88 0°69 SS ES 6'0L 69'9c Poo, T —Ssemmeoo[ [re `£ 
c ere SPL 0r'L 6L°¢ se”? Scc sproyesnoy 
E JO ezis OIVIOAB 
GFEL I£ 033 16F [134 PLI sp]oyesnoy jo Joquinu 
= 0001 op "10 0'001  SP"8SL9 0'001 89968 000  6F'9PI 0'00T 49°08 000 ££ IF 18309 “9 
= — 
a #07 FL IF 63€ 13837 6'6T DW POL DUR 9:8I NO 6 al 9£'2 Snoeuvc[[eosmur "9 
E 9-9 TZ "TI Lg 65'96 Sg 9€°ST 9°9 09°6 SL ?8'9 F6 88'E 949311 pue [ong + 
° 8'6 49°61 0'6 £3 "19 6'6 $c'6c 6'6 PF FI RO 9c'S PEL poe ODUBUOJUIBUI 
10 quor OSNOY 'g 
E To 30 61 DPT PLS L'OI TL'IE F9 98'6 os ISF L'S SEE Buruqolo 'z 
Z 8' Fs 97011 g'or 88°GLE CN Oc 'I9I L'09 10°68 8'£9 PP'IS 9789 Ire P003 *T senmeoo[ TOYO “G 
= 69*9 £8'9 POL 19'S 0L'& ez sproyesnoy 
© JO ezis OBVIOAV 
^ 695 £c LEI CIS 9L 0c sproyesnoy jo 1equina = 
Y = Gs 
A 0001  ZG'GII 0:001 0001 98916 0 00 port 000 9892 000 IF'98 18303 ‘9 
= = 
A FS 0L°06 S'e£ 00°61é L'E 69°39 £'LI 0L'$c 9 FI SI'IT 6'cI Log snoəuujl|əosrur ‘g 
A e"9 90°L ae 9L'06 8°? CSC 6°¢ 91'8 078 80°9 #6 se £ 9431 pue [ong `F 
Ur Hg S'I 98'6 S°'F SEET Lt &0'S TI 60°T 9'0 130 KA MA 
E 10 quoi osnoq “E 
= 9'8 89'6 esi 69 "SII L'II $6'66 18 ST II Lg LES ET €9"I Suruqolo 'c səruooə 
E 1"£9 SPIL "Sgr 16°6L8 099 66'€91I 0'99 96°88 $'0L  09'69 8°GL LL*9% pooy ‘I 3uəurusəaog * 
1 
14 88°F DN SS L TO0'9 8p sa E sprogesnoy 
5 9 Jo ozis eSvioae 
m 088 8 £8 SLE LSE Pel splouesnou jo zoqumu 
E GD (en (c) (mM (01) (6) (8) (2) (9) (e) (s) (e) (c) (1) 
e "Sy ur "sy ur "SI ur ‘sy ur "eu ur "ST ur 
oe}  omyIp oe}  eanjrp oe} omypp oe}  omgip e3uj omyp 9383 omyp 
-uoo1od -uodxe -uooxod  -uodxo -uooiod -uodxe -uooiod -uodxe -uoored -uodxe -uooiod -uodxe emgipuodxe jo sont pou 
18909 94048 Y 109 “SH 008-108 ‘SH 003-101 “SY 001-19 "SY 09—1 SE 


exngipuedxe ÁTyyuou jo feae] 


224  — — oo — IIIQIMNA⁄ZU£IIIAIIAIIIIY NIA£AII£AIIAIIAI4IAI 
8961 UMAWALAAS—A TAL 


oo 

a 

d 

S aan ATHINON 'TVIOL dO STSAGI AT HINON WHA CIOHSSQOH YAA WNOLIINSdXS HAWASNOD I TIAVI 


9'89T L'O 6'9 L'GL FSS 6'G eat 6PEL O'GGG G'I OIL P'S LSP FT ot 69p TEZEO Le 


O'STI 9°06 8'€ 9'8L 088 18304 
T'66ZI iae i = 1:68 — 01001 L L'OGET — = = S'OPE - 6'656 9 O'OSET — — = = = 010881 I eaoqe Ig, 
£819 — 8'01 3'9 Seet: (app Pë L°889 — 69 — €'SPL-— -LF LT 6266 — 6 PIZ 9'£00 — OSPR L OSL-10¢ 
L'LLE PG $'96 GOT 8° 28 O'S 0'PPG GSI F'98E EE 9 S€ 0"91 08 Z'£ T'SPC ei EEIE U'I 601 328 1118 O'LES Lv O0S-1S6 
986 Z'O GL 9138 E EP PE 6'6901 96 “Shs €'O 1'9 SS SSF SF L'ILT ee E "976 — BLL 98 Soe 11 out 98 086-106 


6'00T II L'L L'SD SFE O'T G'SET 691  L'O06 HT SCI 6'"L 998 EO EST 68 S SLT 8'O O'% S'SI S'18 OF PIZI OL 003-191 


P'LET on 6'P SEL Oe OT 0026 BEE FSET SO TE SL 978 8'0 ont rei S'`981 9'0 og Dune 168 om  OSI-1OL 


Y : SURVEY OF DISPLACED PERSONS IN BOMBAY 


2°86 $'0 OF L'ET FSI L'S Spo 623 T St UP OF 29 - 418 OF L'86 En OF 0'91 PLIP 86G $81  001-9L 
ES 

0°69 rou 8'G OL G6 FE 9'Gv FOG  $'69 I Së SF SS — vao og 8°89 Cu 9% 38 ap OF OFF PLI GL-1C N? 
mg "ënn US HH £60 FOS - OZI — 99 £'O PLE a em - as OIL LS GE Eez SIL 0-9 

= DIS T'O L'e S'O 8'l FS ol Ir EN? E = = =- WE 6 9'I6 T'O 8% GO 61 88 el 66 Ye —T 

= 

Ë (ga) ($c) (gz) (33) (13) (oz) (6D (st) (D (or) (gr) (rD (D (gt) (11) (or) (6) (89 (1) (9 (9 Ia (9 (9 (1) 

kel 

a E 33888 £82 2 FE E 3 HEEZ š 8% 2 EE S 388838 2 82 g FE BRE 

A ES 8 88 88 E $2 Š 26 ,E BP EP 5 es 2 EB S 8 B2 BS" SG BS 2 ZB wis 

= š a q "e 3 6% 3 Bo = p 2O SA À Pa mw pe u 70 Š 5 of =$ Bs PES 

A £ =Š +0 m B 2 50 £ po =° 8 Ë 2 78 £ =° š A E > T$ ak 

= $E:PBS Š Ë BOR. S gagag E Ss 38 B 2 B E. = 

Set g 5 2 E >, ER R 3 8 = 5 8 Ss e 

a eee gp B5 ES S “9 g B 5 ES $78 š 4 à P 9* § 

d mo *q'u aod s3drooox Apqquour oZu19Au wo “yy tod sadroooi Áqqauour oSv10Av voy "yy tod s3dreoox Zou oSe10A€ 

N 

5 semnmuoor ju sərmuoo[3əuqo Soruo[oo quəgururexao8 

a 

E —0———————————————— MM — re 

E $961 AAINALAAS—ATAF : SITAATTI AYALIANAAXA ATHLNOW ANY 

Ç 


SLdIWOWU «¿O HOHNAOS AH AHLOATAISIO (STIOHSSOOH TIV ATAO) GIOHASNOH YAA SLdINOWH A'THLINON HOVHTAV 


+¿l GISVIL 


3 & + 


[ Parts 


THE INDIAN JOURNAL OF STATISTICS 


+ 


KHYA 


SAN 


Vor. 18 | 


w EE w ———  Q— — —— he à ë 
0'O0I F'O f'f O'S GLE ST GLO GFET oont on 6'F L'E G'61 90 T'IZ 69P O'OOT &0 8'E Z'ZI LOL l'E 689 088 T9302 
0001. - = —= ee — SUL d But = = = p96 — OSL 9 0*001 e = ke e — 000 I °40q8 Te; 
000T — £'T 0'1 SIG EU Fc 0^00T = FW — T = Ooh jt (mt — ES VE QUE = Q9. g 094-106 


0'001 9'0 oi S'S 6G'Ic £0 29 SET 0'001 6'0 Sp It 808 80 en SL  0'001 €'0 OF GL OFE - BED LF O0S-TCE 
Gout T'O EE T'6 £ "SI TI SLO “6 0'001 T'O I° I'S G'6I O'S SOL 69 OOOT — 9'9 ¿"9 ¿"ST SO (an 9€ OSé-10z 
0'001 9'0 ot 9 OSTOT Z'69 GST 0001 L'O T°9 GE BST T'O oi 68 0001 FO T'I 
O'9I GI I'69 ZEE O'OOT F'O ZS E'S Eat 9'0 BSL FET O'OOT FO EF T'GLS'GI ST 9'99 gp OST-IOI 


296 


0001 FO 9'€ L'6 
0'001 on ot GET 931 $'€ (on Ges 0001 ET ZF LF €9 — SEs OF 0001 €'0 TF G'OIG FI L'F 209 E81 001-94 
0'001 90 It O'TI E ET GF 1'99 FOG  O'O0I GI GF zung = Gol OS 0001 £O 8'E G'ILG' FI S'G O'TO TL] EL-TS 
me L'II 9'0 9°99 ST 000 ~ T'S SIG GLI LIL G PP on 08-93 


0'001 — oi GST F'9T 66 9` EET OOOI - SI 
0'001 €'O 631 PG 9'8 6'00 298 IF P, = = = e = 0001 c 0"00T S'O OSI E'S 8'8 L'OP L'FE 6g 96 -T 
sjoae] omyrpuedxe Aq pue s3drooox jo emos quosogrp oy} Aq szdrooer Jo uonnqrnstp eSuguoodod 
(ga) (z) (ec) (ge) (13) (oz) (er (8D (D (91) (gt) (D (et) (D G) (or) (o (s (2) (9 a (G) (e (ei (D 
= OS EBEE 289 2 EE E g FEE g 99 2 FE E 3058382 83 g gE Bas 
E B EPGD Boss: <ë E ROS BeBe & BS B PE Š BBS 3" 8S 88 E EB PES 

8 ee 2 B E pg Zee zë 8 B š SS B LS Ë g q g SF FES 
HSE 8 B E £^ 5 ES Es Š BS 38 5 ES 8 Š B & ES “BE 
BEF 3 B Ë OS # SB PB g à 8 FS B Së B Ë NW B Ba Ë 
Q o 8 = š S > $ Ë 3 
woaz "uq aod sgdroooa Ajyquour oSuoAm woaz “qu ted s1diəoər Apqauour o8íaoA€ 


woaz “yy aed sqdroooz Apqguour eSuaoAv 
soruo[oo quəururea os 


SƏII[99ol ie SOIJI[UIOT 1040 
—[ [Y == 
DSTHAHTI AYALIONHAXH XA'IHLNON ANF &LdlSOGu 


£961 ARINALAAS—A TAL 
10 TONOS XS AHULAMIULSTA (STIOHASNOH TIV AMAO) Q"IOHHSQOH Nd SLdIHOSN ATHLNOW SOVHWAY : (PO) š WT aus 


A 

< 

g 088 

= 

e = = c = - = = Ss = O'OSET I O'OSET I 24048 P ToL 

Z : 

= = = 0‘O9T I 07080 I GISI v = S 09 L D'So L 091L-T109 

S 

Z om r gout € S'OS 8 USA — $6 S e Io sg e808 L 00e-1ez 

B 

A = zi OZ z TYPO FI 6'6L DI 0°0F I esol TE €'9cc oe 09c-10z 

B 

g ous c 0'0L z ENZ? 9r 6'79 T£ 0'0L T G'FET £9 S'8LT OL 00-181 

Ki Q ; - 

E 9'91 8 L'19 oz 129 T9 ose £8 8°8€ I S'TOT ZSI 8'9€T  s0c OST—T0I 

= 

a 

fe. ect ¢ 9'c LI Grp Pe £°68 ga Tes 91 OIL PST L'86 $81 00T-92 

© > 
A P ` [-3 
B Th $ Pop er Lee OF um — 99 OTRO i SES em aen a 21-12 > 
> 

E e — e a ep 

P - - ER? SI T'£9 0c Lu Ir GRO $c Deg 6L g'og Stl 09 -% 

Ë oe I 6'er L O'L £ L'OT L D'St SI 6'0c FT 9'1c 6€ Se -T 

E Sotuo[oo JUAUIUADAOS 

m (D (w (en (eu {D (D (@) — (9) W — €)  G (9 (9 a) 

h: spjoy splou sptou sproy SPIOY SPIOU SpIou 

= ‘Sy ur -osnoy JO ‘sy ur -osnoi jo “Sy ur -əsnou jo ‘sy UT -esnoy jo eu ur -osnoy jo “Sy ur -osnoy jo s3droooi -əsnou 

ps junoum  3oqumnu gunowe Jequmu —3unour qumu  4unoure .oquinu q4unouie Jequmu qunoum  aoqumu T9103 rezo jo (sy) amarp 

E 93eioAv Joqumu — -uodxo Ápgyuour 

E dy uuo[ saJop 

4 Ajddns uso quouiru0AOZ-trou 4uouru10AOS-uou S991n08 10430 q1uourujoAoS uon ednooo 

zZ 

© s1d10901 Jo soomos 

= = A SS ASS 

E en 
a £%61 UMANALAIS—ATOAL : S'IHAS'I AYALIANAAXA ANV Y 


SLdIHOUU AO SHOUNOS AS SLdIGOH A'THINON SDVHSAV ANF (SATAN 


7S HATLOTAAH) SATOHASAOH dO HSHSNAON "er STSVL 


E 
EZ 
P (Re 0c T'£OT £16 EF (mot 961 UT9 II EEST  60F 098 Got 18707 
& 
< Ps e - - e E L'ISs9 € = e S'FEFI F L'06cl 9 940qt X ISL 
e - S 000 I - = s'eo <l = = F'10S 9I L'8c9 LI 0c4-10€ 
E 
s Org F FI cl £'soc 9 C'OFI St oosa I IEIS 39 F 988 8L 008-187 
= 
E 
< D'St I . OOT ç ozel 9 esol LE EHG € S'F6T ep €'crc 6° 063-106 
Y 
S O'SET I g'80T OI L'O0T 4 9'cs s£ 0:08 I 9991 9L L'00c 68 00&-19T 
d a's D L'8t or 1"29 FI 9°09 9F 0'1c 9 CHI ont £'SET FEI OST-TOT 
5 
P om ° Si g ow € gso M a S vm er 1086 9 001-94 
= 2 
5 Si 
a 0:0F I 2°96 F 9 ez 9 F'LI 6 ia e NO LE F'69 0€ 01-19 
< 
= 
a = - soe 9 + - e'6c f oe i gor GI #99 ST 09 -97 
ei 
= 
B - E E T = - - - - - CN: g EN? [4 eet 
E 
as Se11]800] 10130 
ad —- 
Ë (@) GD (et) GD (D (or) (6) (9) (2) (9) (e) (s) (e) (c) (D 
sp[ou spoti spion SPIOX SpIou spjoy spioq 
7 “sy ur -osnoy jo "gy ur -osnot jo ‘sy ur -osnou jo “sy ur -esnoy jo “sy ur -esnoy jo "sy ur -esnoy jo sydreser -esnoy 
< junoum doquinu qunowe 1oqumu qunoue Joqunu  JUNOUIV J19qQUNU gunowe .Jequinu junouiv aəqumu 18107 18307 jo (sy) vumm 
nm 9SwroA" Joqumu -uedxə A[qjuour 
doy uvo[ FRIOR 
£iddns umo qUOULUIDAOS-UOU qucuruaəgaoB-uou senos 19470 quourni0A05 uorudnooo 
EN s4drooex jo sooanos 
Al See Sen 
a Zopt AAINALAAS AIN, * S'IHAGT AUALIONHAXA ANV 


SLdIHOWN LO SHOUNOS AH SLAIHOHU A'THLNON HOVUAHAV ANV (STIAWVS HAILOHAAH) SQ'IOHSSQOH JO HHANAN : (roue) EI HTEVL 


Vou 


RVEY : SURVEY OF DISPLACED PERSONS IN BOMBAY 


NAL SAMPLE SU 


NATIO 


—— ...................................... u. 


tig e ih — Ser am Ces IL 98 TEE TOT 8'8cI OSIT 9'89T ect 18307 

- 3 = = - = L'189 € = = Semi © 1'6681 L 9039 Y ISL 

= - 0'081 z 0'OST I 9'661 9I = = v'ssv $c €'SI9 TS 021-108 
$19 9 Seet LI 9'081 FI 6'9e1 99 00% I G6" FOE 001 L'LLE ect 009-158 
0"ST I 9'8l + L'e0l 0c 8'c6 yt L'08 13 0'€8I £8 Has C6 O0L7-107 
£'66 € (sot GI 8'18 £c 8'eL GL 0'c9 Q € es DÉI 6'061 6ST 003-TST 
9'eI 91 Org 0€ I'99 89 L°99 TEL SE 91 ENZ 86% PLEL «EE OST-TOT 
GEI Or SIE ad € "ES 6£ 6L "£0 91 0'cL 961 £'$6 6cc 001-94 

3 

Sil L 1'£6 LT 9t Di SL 0'1} LT UK 691 0°69 +07 SL-19 M 

= = 6°86 SI 1:69 06 6 FE SP [ar va 9"ee 16 eis eel 0€ -97 
o's I 6°ST L 0'L t L'OT L L'8l SL RA 91 DIS Ir Sert 

senoor qe 
(st) (sl) (61) (st) (tt) (00 (6) (8) (1) (9) (e) Wa (e) (c) (1) 
Spjo spiou sprey spiou spioq sptou 
-osnon -əsnou -osnou -asnoy -osnoq -osnouq Spo 
‘SH ut Jo "eat ut 30 "Su ut Jo “sy ur jo "eat ur jo “sy ul jo sidiosor — -osnoy 
junourv Jequinu junoure aoqumu qunowe Joquinu qunowe Joquinu — 4unoum Jequinu qunowe sequmu 18304 18909 jo (sy) sangip 
T : = esvieae Jequmu -uodxo Aqyquour 

Ajddns umo djou yuouruaoAo0ft-uou UBO] JUOUIUIOAOG-UOU savanos 194730 səjop quəouruioson uonednooo 


4d19001 Jo soo1nos 
Or  — — . 


8€G[ UMANAIdAS—ATINL£ : S'IHAS'I AYALIANAAXA ANV 
SAIT AO SHRINOS AS SAIL 11 ATHLNON ADVHUTAV (INV (SHIANFS HAILOJHAAH) STIOHSSOOH JO YISIVAN : (mol er SISVIL 


Vor. 18] SANKHYA : THE INDIAN JOURNAL OF STATISTICS [ Parrs 3 & + 


TABLE 14: DISTRIBUTION OF SAMPLE HOUSEHOLDS BY LEVEL OF TOTAL MONTHLY 
RECEIPTS: JULY—SEPTEMBER 1953 


=o 


government colonies other localities all localities 
E m EU D ambo peser. eumu 
house- percen- house- percen- house- percen- 
holds tage holds tage holds tage 
(1) (2) (3) (4) (5) (6) (7) (8) (9) (10) 
1-25 36 4.1 4.1 3 0.6 0.6 39 2.9 2.9 
26-50 116 13.2 17.3 19 4.1 4.7 135 10.0 12.9 
51-75 154 17.5 34.8 25 5.3 10.0 179 13.3 26.2 
76-100 180 20.4 55.2 45 9.6 19.6 225 16.7 42.9 
101-150 200 22.7 77.9 105 22.4 49,0 305 22.6 65.5 
151-200 87 9.9 87.8 93 19.8 61.8 180 13.3 78.8 
201-250 41 4.7 92.5 59 12.6 74.4 100 7.4 86.2 
251-500 52 5.9 98.4 91 19.4 93.8 143 10.6 96.8 
501-750 9 1.0 99.4 19 4.1 97.9 28 ni 98.9 
751 & above 5 0.6 100.0 10 2.1 100.0 5 1.1 100.0 
total 880 — 100.0 E 


$ — 469 100.0 — 1349 100.0 = 


TABLE 15: DISTRIBUTION OF HOUSEHOLDS 


OCCUPATION, “HOME SUPPLY” AND 


DITURE: JU LY—SEPTEMBER 1953 


BY PERCENTAGE or 


INCOME (FROM 
“OTHER SOURCES”) TO 


TOTAL EXPEN- 


government colonieg 


percentage of other localities all localities 
income to number per- cumulative 
expenditure of 


number per. e i 
cent- Percentage of ec? SE cumulative 
house. age —__ “8° house. 45, _ Percentage 


cent. p tage 
holds up- down- holds house- ee 


up- down. | KR 
wards wards wards wards — icm used 
(1) D 9 o e (6) (7) Came 


number per- 
of 


EE 
upto 20 24 2.7 87.6 15.1 4 28 ii S " = 
21-40 40 4.6 84.9 19.7 M 30 955 sa " E m is 
41- 60 72 8.2 80.3 97.9 2 4&9 918 pg, ap -— Se 
61-80 91 10.3 72.1 38.9 8 81 8868 as 129 e 84.1 22.9 
81-90 42 4.8 61.8 43.0 15 8.2 78.3 950 ep E NE 
91-100 183 20.8 57.0 63.8 134 28.6 75.0 53.6 317 an 67.5 = 
above 100 319 36.2 36.2 100.0 218 46.4 46.4 100.0 me ia 63.3 60.2 
totol 880100.0 —  — 469 100.0 .  —— Z nR 30080 I 
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NATIONAL SAMPLE SURVEY : SURVEY OF DISPLACED PERSONS IN BOMBAY 


TABLE 16: NUMBER OF HOUSEHOLDS USING NON-GOVERNMENT LOANS FOR CON- 
SUMPTION IN THE PERIOD UNDER INVESTIGATION ARRANGED BY 
TYPES OF SECURITIES GIVEN WITH OR WITHOUT INTEREST; JULY— 


EPTEMBER 1953 


with interest without interest total 
type of security 
given number of number of number of 
households percentage households percentage households percentage 
a) (2) (3) (4) (5) (6) (7) 
government colonies 
1. without security 5 2.4 46 21.9 51 24.3 
2. personal 19 9.0 115 54.8 134 63.8 
3. gold 3 1.4 10 4.8 13 6.2 
4. others 1 0.5 = = 1 0.5 
5. not returned 1 0.5 10 4.7 11 5.2 
me 29 13.8 181 80.2 210 100.0 
EQUO. 


other localities 


without security 


1 
1 2.3 13 30.3 14 32.6 
2, personal 
i é » 0.0 1 * 3 1 2.3 
. go 
š 2.3 - E 1 2.8 
4, others 
ES 1 3.3 1 2.3 
5, not returned Se 
6. total 4 9.3 Bs ep ve d 
. total 
all localities 
27.8 77 30.5 
2.7 4° 
1. without security t 148 58.5 
ey 7.9 158 SE | 
2. personal É " 
p , - " 4.3 14 SS 
3. gold 
E 0.0 2 0.8 
| 4 h š i 
. others 4.7 
T 4.8 12 ‘ 
1 0.4 
d 
5. not returne 330 87.0 253 100.0 


6. total 


301 
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TABLE 17: NUMBER OF HOUSEHOLDS HAVING LOANS AND AMOUNT OF OUT- 
STANDING LOANS PER HOUSEHOLD: JULY—SEPTEMBER 1953 


— n 


number households percent- amount per household in Rs. 
localities of having age to z — 
house-  outstand- total government private total 
holds ing loan 
a) (2) (3) (4) (5) (6) (7) 

1. government colonies 880 562 64.0 460.8 675.5 1136.3 

2. other localities 469 191 40.8 759.4 2075.9 2835.3 

3. all localities 1349 753 55.9 536.5 1030.7 1567.2 


TABLE 18: DISTRIBUTION OF HOUSEHOLDS BY LEVELS OF OU 


TSTANDING (GOVERN- 
MENT AND NON-GOVERNMENT) LOANS : 


JULY—SEPTEMBER 1953 


government colonies 


other localities all localities 
levels of > 
outstanding number percen- cumu- number percen- cumu- numb cen- - 
loan (Rs.) of tage lative of tage lative of E: en E itive 
house- percen- house- percen- house- percen- 
holds tage holds tago holds tago 
(1) (2) (3) (4) (5) (6) (7) (8) (9) (10) 
nil 318 36.0 36.0 278 59.2 59.2 596 44.1 44.1 
1- 99 35 4.0 40.0 9 1.9 61.1 44 3.3 47.4 
100 — 199 26 3.0 43.0 6 1.3 62.4 32 2.4 49.8 
200 — 299 41 4.7 47.7 13 2.8 65.2 54 4,0 53.8 
300 — 399 49 5.6 53.3 12 2.6 67.8 61 4.5 58.3 
.5 58. 
400 — 499 34 3.9 57.2 10 2.1 69.9 44 3.3 61.6 
500 — 999 182 20.7 — 77.9 44 9.4 79.3 226 16.7 78.8 
1000 — 1499 85 9.7. 87.6 29 6.2  g5,5 114 8.5 86.8 
8 z 
1500 — 1999 38 4.3 91.9 9 1.9 87.4 47 3 
7 y 3.5 90. 
2000 — 2999 35 4.0 — 95.9 19 4&1 91.5 54 4.0 94.3 
9: š . 
3000 — 3999 11 1.2 97.1 6 1.3 92.8 17 
S 1.8 95.6 
4000 — 4999 6 0.7 97.8 9 1.9 94.7 1 
5 Yl 96.7 
5000 — 9999 18 2.0 99.8 12 2.6 97.3 30 
š 2.2 98.9 
10000-14999 1 0.1 99.9 8 1.7 99.0 
° 9 0.7 .6 
1500 0-19999 — — = 3 0.6 99.6 E 
s 3 0.2 99.8 
20000 & above 1 0.1 100.0 2 0.4 100.0 
e 3 0.2 100.0 
total 880 100.0 — 469 1 T 
" E os D = 1349 100.0 — 
- 


> 


NATIONAL SAMPLE SURVEY : SURVEY OF DISPLACED PERSONS IN BOMBAY 


NUMBER OF NON-GOVERNMENT LOANS OBTAINED SINCE MIGRATION 
WITH OR WITHOUT INTEREST ARRANGED BY TYPES OF SECURITIES 


GIVEN : JULY—SEPTEMBER 1953 
a ——HÓ——— € 


TABLE 19: 


— — with interest without interest total 
given number percent- number percent- number percent- 
ago age ago 
(1) (2) (3) (4) (5) (6) (7) 
overnment colonies 
(loans of 438 households) 
1. without security 32 3.3 220 22.8 252 26.1 
2. personal 95 9.9 493 51.1 588 ' 61.0 
3. gold 18 1.9 50 5.9 68 7.0 
4. land and house — — == = = = 
5. others 12 1.2 4 0.4 16 La 
6. not returned — — 4l 4.2 41 4.2 
7. total 157 16.3 808 83.7 965 100.0 
other localities 
(loans of 164 households) 
1. without security 2 7.4 145 48.8 167 56.2 
2. personal 16 5.4 79 26.6 95 32.0 
3. gold 6 2.0 10 3.4 16 5.4 
4. land and house 1 0.3 1 0.3 2 0.7 
5. others 7 2.4 1 0.3 8 2.7 
6. not returned 2 0.7 7 2.4 9 3.0 
7. total 54 18.2 243 81.8 297 100.0 
all localities 
(loans of 602 households) 
1. without security 54 4.3 365 28.9 ae 33.2 
% paran 111 8.7 572 45.3 683 54.0 
3. gold 24 1.9 60 4.8 84 6.7 
4. land and house 1 0.1 1 ya š wa 
5. others 19 ER ° 7 a vil 
6. not returned 2 0.2 5 d = = 
211 16.7 1051 83.3 1262 100.0 


7. total 


303 
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NATIONAL SAMPLE SURVEY : SURVEY OF DISPLACED PERSONS IN BOMBAY 


TABLE 22: DISTRIBUTION OF HOUSEHOLDS BY TOTAL AMOUNTS OF GOVERNMENT 
LOANS: JULY—SEPTEMBER 1953 


PE 


government colonies other localities all localities 
total amount of 
loan received (Rs.) number of percent- number of percent- number of percent. 
house- age house- age house- age 
holds holds holds 
ü (2) (3) (4) (5) (6) (7) 
— P s NEL MERE O 
nil 559 63.6 396 84.4 955 70.9 
1 — 99 - - = = = = 
100 — 199 9 1.0 1 0.2 10 0.7 
200 — 299 24 2.7 5 14 29 2.1 
300 — 399 44 5.0 7 1:5 51 3.8 
400 — 499 32 3.6 5 1.1 37 3,7 
500 — 999 150 17.1 23 4.9 179 12.8 
1000 — 2999 52 5.9 20 4.3 72 5.4 
3000 — 4999 1 0.1 2 0.4 3 0.2 
5000 — 9999 8 0.9 8 1.7 16 1.2 
10000-14999 1 0.1 1 0.2 2 0.1 
15000-19999 - - = = = a 
20000 & above  — Š 1 0.2 1 0.1 
a o eU eu e EE 
total 880 100.0 469 100.0 1349 100.0 


=k ee E AE CON 
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Vor. 18] SANKHYA : THE INDIAN JOURNAL OF STATISTICS [Panrs 3 & 4 


TABLE 23: DISTRIBUTION opt HOUSEHOLDS BY TYPES AND AMOUNTS OF 


GOVERNMENT LOANS: JULY—SEPTEMBER 1953 


— 
—————M 


number of households receiving loans for 
amount of loan 


in Rs. house- trade profession mainte- education all types 
building nance En 
number percent- 
age 
(1) (2) (3) (4) (5) (6) (7) (8) 


government colonies 


596 855 868 880 559 63.6 
1 - 99 - - - - - = 0.0 
100 — 199 - 6 1 - 9 1.0 
200 — 299 - 120 3 2 - 24 2.7 
300 — 399 - 40 5 1 - 44 5.0 
400 — 499 - 29 1 1 - 32 3.6 
500 — 999 1 135 11 5 - 150 17.1 
1000-1499 - 33 - 2 - 36 4.1 
1500-1999 - 6 1 - - 7 0.8 
2000-2499 - 6 2 - - 8 0.9 
2500-4999 1 š - - - 2 0.2 
5000-9999 1 7 - = - 8 0.9 
10000 & above - 1 - - - 1 0.1 
total 880 880 880 880 880 880 100.0 
other localities 

nil 469 403 465 467 468 396 84.4 

1- 99 = - - - - - E 
100 — 199 - 1 - - = 1 0.2 
200 — 299 - 5 - = = 5 13d 
300 — 399 = 7 = a = 7 1.5 
400 — 499 - 5 - = E 5 1.1 
500 — 999 - 19 2 2 = 23 4.9 
1000-1499 - 9 1 - e 10 2.9 
1500-1999 - 4 1 - 1 6 1.8 
2000-2499 - 3 = - = 3 0.6 
2500-4999 - 3 = = =< 3 0.6 
5000-9999 = 8 ` - = e 8 1.7 

10000 & above - 2 


= 2 0.4 
total 469 469 469 469 


469 469 100.0 
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NATIONAL SAMPLE SURVEY : SURVEY OF DISPLACED PERSONS IN BOMBAY 


TABLE 23 (contd): DISTRIBUTION OF HOUSEHOLDS BY TYPES AND AMOUNTS 
OF GOVERNMEMT LOANS: JULY—SEPTEMBER 1953 


number of households receiving loans for 
amount of loan 


in Rs. house- trade profession mainte- education all types 
building nance loan — O h. 
number percent- 
age 
(1) (2) (3) (4) (5) (6) (7) (8) 
all localities 

nil 1346 999 1320 1335 1348 955 70.8 
1- 99 - - _ _ = - - 
100 — 199 - 7 2 pl - 10 0.7 
200 - 299 - 25 3 2 - 29 2.1 
300 - 399 - 47 5 1 - 51 3.8 
400-499 - 34 1 ¿ - 37 2.7 
500-999 1 154 13 7 - 173 12.8 
1000-1499 - 42 1 2 - 46 3.5 
1500-1999 - 10 2 - 1 13 1.0 
2000-2499 _ 9 2 - - 11 0.8 
2500-4999 1 4 - - - 5 0.4 
5000-9999 1 15 - = = 16 1.2 
10000 & above - 3 Ze = = 3 0.2 


total 1349 1349 1349 1349 1349 1349 100.0 
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Vor. 18] 
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NATIONAL SAMPLE SURVEY : SURVEY OF DISPLACED PERSONS IN BOMBAY 


TABLE 25: DISTRIBUTION OF HOUSEHOLDS BY THE NATURE OF USE OF LAND 
UNDER OCCUPATION: JULY—SEPTEMBER 1953 


— —,Qn,oyRoD  ->—-—əƏ ".ə.—ə ss 


number of households occupying land percentage 
use of land 
government other all government other all 
colonies localities localities colonies localities localities 
(1) (2) (3) (4) (5) (6) (7) 

1. cultivation 3 1 4 0.4 0.3 0.3 

2. housing 783 273 1056 96.2 79.6 91.3 

3. others 1 14 . 15 0.1 4.1 1.3 

4. cultivation and 

housing 2 - 2 0.2 Se 0.2 


housing and others 


Lo 

o 

ar 
a 
EZ 
° 
° 
= 
- 
° 
o 
a 
KI 


6. sub-total 814 343 1157 100.0 100.0 100.0 


stage 
7. no information 66 126 192 
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Vou. 18] SANKHYA : THE INDIAN JOURNAL OF STATISTICS [ Parts 3 & 4 


TABLE 26: DISTRIBUTION OF HOUSEHOLDS BY NUMBER OF ROOMS AND TYPE OF 
POSSESSION OF LIVING ACCOMMODATION : JULY—SEPTEMBER 1953 


rented 


owned not returned total 
number of rooms 


sët, alee es gier Ss ` + 
holds holds holds holds 
(1) (2) (3) (4) (5) (6) (7) (8) (9) 
government colonies 

1 750 86.4 3 30.0 = = 753 85.7 
2 87 10.0 3 30.0 1 100.0 91 10.3 
3 20 2.3 3 30.0 - - 23 2.6 
4 vi 0.8 - = = - Y 0.8 
5 2 0.2 = - e = 2 0.2 
6 & over 2 0.2 1 10.0 - xS 3 0.3 
not returned 1 0.1 - - - - 1 0.1 
total 869 100.0 10 100.0 l 100.0 880 100.0 

include percentage — (98.8) - (1.1) - (0.1) - (100.0) -= 

other localities 

1 176 43.0 12 24.5 4 36.4 199 40.9 
2 148 36.2 21 42.9 5 45.4 174 37.1 
3 53 13.0 12 24.5 1 9.1 66 14.1 
4 25 6.1 3 6.1 - = 28 6.0 
5 2 0.5 = - - = 2 0.4 
6 & over 5 1.2 1 2.0 - m 6 1.3 
not returned = = = = 1 9.1 1 0.2 
total 409 100.0 49 100.0 11 100.0 469 100.0 

include percentage — (7.82) - (10.4) - (2.4) - (100.0) Es 
1 926 72.5 15 25.4 5 41.7 946 70.1 
2 235 18.4 24 40.7 5 41.7 264 19.6 
3 73 5.7 15 35.4 1 8.3 89 6.6 
4 32 2,6 3 5.1 e = 35 28 
5 4 0.3 - - - - 4 0.3 
6 & over 2 0.5 2 3.4 = E 9 0.7 
not returned 1 0.1 ~ - 1 8.3 2 0.1 
total 1278 100.0 59 100.0 12 100.0 1349 100.0 

include percentage (94.7) 


= (4.4) - (0.9) - (100.0) - 
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NATIONAL SAMPLE SURVEY : SURVEY OF DISPLACED PERSONS IN BOMBAY 


TABLE 27: PERCENTAGE DISTRIBUTION OF HOUSEHOLDS BY FLOOR SPACE AND TYPE 
OF CONSTRUCTION : JULY—SEPTEMBER 1953 


base : households under each level of floor space 


level of 


totally totally number of 
floor space brick mixed non-brick total households 
in sq. ft. built built 
a) (2) (3) (4) (5) (6) 


government colonies 


upto 100 4.3 80.0 15.7 100.0 70 
101 — 200 7.3 80.5 . 12.2 100.0 468 
201 — 300 14.7 79.8 5.5 100.0 218 
301 — 400 15.6 79.7 4.7 100.0 64 
above 400 3.3 86.7 10.0 100.0 60 
total 9.2 80.7 


other localities 


upto 100 21.2 5 


2 27.5 51.3 100.0 80 
101 — 200 27.4 38.4 34.2 100.0 146 
201 — 300 29.5 27.7 42.8 100.0 112 
301 — 400 37.3 35.6 27.1 100.0 59 


above 400 34.7 36.1 29.2 100.0 72 
| total 29.2 


all localities 


upto 100 13.3 52.0 34.7 100.0 150 
101 — 200 12,1 70.5 17.4 100.0 614 
201 — 300 19.7 62.1 18.2 100.0 330 
301 — 400 26.0 58.6 15.4 100.0 123 
| above 400 20.5 89.1 90.4 100.0 132 
= total 16.2 64.2 19.6 100.0 1349 


Vor. 18 ] SANKHYA : THE INDIAN JOURNAL OF STATISTICS [ Parrs 3 & 4 


TABLE 28 : PERCENTAGE DISTRIBUTION OF HOUSEHOLDS BY FLOOR 
SPACE AND TYPE OF CONSTRUCTION : JULY—SEPTEMBER 1953 


base : households under each type of construction 


— —.—.—_— 


totall; totally 
Fa ae brick mixed non-brick total 
in sq. ft. built built 
(1) (2) (3) (4) (5) 


government colonies 


UD O 


upto 100 3.7 
101 — 200 42.0 
201 — 300 39.6 
301 — 400 12.3 
above 400 2.4 


7 


.9 12.4 7.9 
.1 64.0 53.2 
5 13.5 24.8 
-2 3.4 Ty 


.3 6.7 6.8 
total 100.0 100.0 100.0 


number of households 81 


other localities 


upto 100 12.4 
101 — 200 29.2 
201 — 300 24.1 
301 — 400 16.1 
above 400 18.2 


100.0 

710 89 880 
A 23.3 1710 
8 28.4 31.1 
.0 27.3 23.9 
Š 9.1 12.6 


16 


.6 11.9 15.4 
total 100.0 100.0 100.0 100.0 
number of households 137 156 176 


upto 100 


9.2 


5 


469 


all localities 


9.0 19.6 11.1 
101 — 200 34.0 50.0 40.4 45.5 
201 — 300 29.7 23.7 22.6 24.5 
301 — 400 14.7 8.3 7.2 9.1 
above 400 12.4 


9.0 10.2 9.8 
total 100.0 100.0 100.0 


number of households 218 


100.0 
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Vor. 18] 


NATIONAL SAMPLE SURVEY : SURVEY OF DISPLACED PERSONS IN BOMBAY 


TABLE 31: DISTRIBUTION OF HOUSEHOLDS BY TYPE OF CONSTRUCTION OF PLINTH, 
WALL AND ROOF OF LIVING ACCOMMODATION : JULY—SEPTEMBER 1953 


—_— oO C n vÓ P sƏ.-&—zx.[x a a<O>&sx5sas,bəsux>rAx]1zÀ ,Oə.-.-s — — >. . s >. — — — a. C l 


type of construction government colonies other localities all localities 
number percon- number percen- number percen- 
plinth wall roof ofhouse- tage of house. tage of house- tage 
holds holds holds 
(1) (2) (3) (4) (5) (6) (7) (8) (9) 
brick brick brick 81 9.2 137 29.2 218 16.2 
” d tilo 449 51.0 70 14.9 519 38.5 
d e c.i. sheots 208 23.6 44 9.4 252 18.7 
" S others 5 0.6 26 5.5 31 9.3 
o c.i., sheets — c.i. sheets in 1.3 8 1.7 19 1.4 
mud briek tile 22 2.5 4 0.9 26 1.9 
a S c.i. sheets 18 lot 4 0.9 19 1.4 
” mud tile 12 1.3 3 0.6 15 1.1 
others others others TI 8.8 173 36.9 250 18.5 
total 880 100.0 469 100.0 1349 100.0 


ee 


TABLE 32: DISTRIBUTION OF HOUSEHOLDS BY TYPE OF LIGHTING: 
JULY—SEPTEMBER 1953 


—NTVYƏ 
government colonies other localities all localities 
type of lighting e 
number percent- number percent- number percent- 
of house- age of house- age of house- age 
holds holds holds 
(1) (2) (3) (4) (5) (6) (7) 
1. electric 326 37.0 334 71.2 660 48.9 
2. kerosene 542 61.7 133 28.4 675 50.1 
3. others 11 1.2 — — 11 0.8 
4, not recorded 1 0.1 2 0.4 3 0.2 
5. all types 880 100.0 469 100.0 1349 100.0 
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TABLE 33: DISTRIBUTION OF HOUSEHOLDS BY SOURCE OF DRINKING WATER WITH 
AVERAGE DISTANCE OF SOURCE: JULY—SEPTEMBER 1953 


average distance of the 


government colonies other localities all localities source in yds. 
water SSES number percen- “number percen- number percen- govern- other all locas 
of house- tage of house- tage of house- tage ment locali- lities 
holds holds holds colonies ties 
a) (2) (3) (4) (5) (6) (7) (8) (9) (10) M 
l. tube well 2 0.2 1 0.2 3 0.2 22.5 10.0 18.3 
2. tap 729 82.9 394 84.1 1123 83.2 22.4 11.5 18.6 
3. well 147 16.7 7 15.1 218 16.2 43.8 58.8 48.7 
4. others 2 0.2 3 0.6 5 0.4 — 136.7 82.0 
5. alltypes 880 100.0 469 100.0 1349 100.0 25.9 — 19.5 23.7 


TABLE 34: DISTRIBUTION OF HOUSEHOLDS BY SOURCE OF NON-DRINKING WATER 
WITH AVERAGE DISTANCE OF SOURCE : JULY. 


—SEPTEMBER 1953 


average distance of tho 
government colonies other localities 


all localities source in yds. : 


source of water 


{other than drink- number percen- number percen- number percen- govern other all loca- 
ing weter) of house- tage of house- tage of house- tage mont locali- litios 
holds holds holds colonies ties 

a) (2) (3) (4) (5) (6) (7) (8) (9) (10) 
1. tube well 2 0.2 1 0.2 3 0.2 22.5 10.0 18.3 
2. tap 655 74.5 291 62.1 946 70.1 19.5 9.6 16.4 
3. tank 2 0.2 11 2.3 13 1.0 125.0 293.6 2607.7 
4.° well 127 14.5 50 10.7 177 13.1 42.9 55.7 46.5 
5. others 10 1.1 9 1.9 19 1.4 32.0 224.4 123.2 
6. not returned 84 9.5 107 22.8 191 14.2 — — — 
Josue wer ui 392 — Wa 393 za WI ul 


TABLE 35: DISTRIBUTION OF HOUSEHOLD 
AVERAGE DISTANCE OF LATRI 


S BY TYPE OF LATRINES USED WITH 
NES : JULY—SEPTEMBER 1953 


R average distance of the 
government colonies 


other localities latrines in yds. 


all localities 
type of latrine 


available number 


d 


percen- number percen- number percen- govern- other all loca- 
of house- tage 


of house- tage of house- tage ment locali- lities 
holds holds holds colonies ties 
(1) (2) (3) (4) (5) (6) (7) (8) (9) (10) Na 
1. underground N 
drainage sys- 


tem with flush 27 3.1 
2. septic tank 149 16.9 
3. old type 685 77.9 198 
4. others 13 1.4 


5. not returned 6 0.7 


7.5 6.2 
6. all types 880 100.0 469 100.0 1349 100 0 


a NATIONAL SAMPLE SURVEY : SURVEY OF DISPLACED PERSONS IN BOMBAY 


TABLE 36: DISTRIBUTION 


OF HOUSEHOLDS BY 
DRINKING WATER : JULY—SEPTEMBER 1953 


NUMBER USING SAME SOURCE OF 


number of households percentage 
number of households 
using same source all from. from all from from 
sources tap well sources tap well 
/ only only only only 
a) (2) (3) (4) (5) (6) (7) 
government colonies 
—— Ym ss Im Y r V 
1 63 63 — 7.2 8.6 — 
2 6 6 — 0.7 0.8 — 
3 2 2 — 0.2 0.3 — 
4 LL 9 2 1.2 1.2 1.4 
5—10 36 32 4 4.1 4.4 2.7 
11—20 131 120 9 14.9 16.5 6.1 
21—30 192 178 14 21.8 24.4 9.5 
above 30 432 315 117 49.1 43.3 79.6 
not roturned 7 4 1 0.8 0.5 0.7 
total 880 729 147 100.0 100.0 100.0 
other localities 
———— SU TS i l 
a 1 171 168 2 36.4 42.6 2.8 
2 28 26 2 6.0 6.6 2.8 
3 19 18 1 4.1 4.6 1.4 
4 15 12 3 8.2 3.0 4.2 
5—10 74 65 9 15.7 16.5 A97 
11—20 37 29 8 7.9 7.4 11.3 
21—30 19 15 4 4.1 3.8 5.6 
above 30 62 42 20 13.2 10.7 26.2 
not returned 44 19 22 9.4 4.8 31.0 
total 469 394 71 100.0 100.0 100.0 
all localities 
prose dre ue D caf St S IES ee ee 
1 234 231 2 17.3 20.6 0.9 
2 34 32 2 2.5 2.8 0.9 
3 21 20 1 1.6 1.8 0.5 
4 26 21 5 1.9 1.9 2.3 
5—10 110 97 13 8.1 8.6 6.0 
11—20 168 149 17 12.5 13.3 7.8 
21—30 211 193 18 15.6 17.2 8.3 
above 30 494 357 137 36.7 31.8 62.7 
not returned 51 23 23 3.8 2.0 10.6 
total 1349 1123 218 100.0 100.0 100.0 
H 


16 
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TABLE 37 : DISTRIBUTION OF HOUSEHOLDS BY NUMBER USING SAME SOURCE OF NON- 
DRINKING WATER : JULY—SEPTEMBER 1953 


ER 


number of households 


percentage 
number of households 
using same source all from from all from from 
sources tap well sources tap well 
only only only only Se 
d) 2) (3) (4) (5) (6) (7) | 
government colonies 
1 36 36 — 6.4 8.5 = 
2 6 6 — 0.7 0.9 === Le 
3 1 1 E 0.1 0.2 = 
4 10 10 = Ij 1.5 Se 
5—10 23 21 2 2.6 3.2 1.6 
11—20 94 87 5 10.7 13.3 3.9 
21-30 166 155 11 18.9 23.7 8.7 
above 30 353 245 108 40.1 37.4 85.0 
not returned 171 74 1 19.4 11.3 0.8 
— total, 880 655 197 100.0 100.0 100.0 
other localities 
1 25 = 
+ m 3 26.7 41.7 6.0 
2 1 4.5 6.9 2.0 
3 17 16 1 3.6 5.5 3.0 
E - 15 14 1 3.2 4.8 9. 
5—10 50 43 6 10.7 14.7 "d 
11—20 28 22 6 6.0 7.6 m 
21—30 17 11 6 3.6 3. 12.0 
above 30 42 27 15 9.0 35 22:0 
not returned 154 17 11 32.7 5.8 3270 
total 469 291 50 100.0 100.0 100.0 


3 3.4 1 E 
2 2 8.7 
3 1 17 1 2:0 2.7 0:0 
8 17 1 1.3 18 S 
4 25 24 1 19 5 0.6 
5—10 73 64 8 53 5 0.6 
11—20 122 109 11 9.0 es 4.5 
21—30 183 166 17 13.6 a 6.2 
above 30 395 272 123 29/4 17.5 9.6 
not returned 325 91 12 24] EXC 69.4 
ë : 6.8 
LM 1949 946 177 100.0 100.0 100.0 — 
xp e NE 1) 


| 


NATIONAL SAMPLE SURVEY : SURVEY OF DISPLACED PERSONS IN BOMBAY 


TABLE 38 : 


JULY—SEPTEMBER 1953 


RE 


number of households 


DISTRIBUTION OF HOUSEHOLDS BY NUMBER USING SAME LATRINE : 


— 


percentage 
number of houscholds 
using same latrine all old under- all old under- 
types type ground types type ground 
only drainage only drainage 
with with 
flush flush 
only only 
a) (2) (3) (4) (5) (6) (7) 
government colonies 
1 38 18 10 4.3 2.6 37.1 
2 32 15 8 3.6 2.2 29.6 
3 5 2 2 0.6 0.3 7.4 
4 90 26 2 10.2 3.8 7.4 
5—10 35 28 3 4.0 4.1 11.1 
11—20 93 75 1 10.6 10.9 3.7 
21—30 145 134 — 16.5 19.6 — 
above 30 426 385 1 48.4 56.2 3.7 
not returned 16 2 — 1.8 0.3 E 
total 880 685 27 100.0 100.0 100.0 
other localities 
1 116 28 86 24.8 14.1 39.3 
2 51 24 26 10.9 12.1 11.9 
3 32 17 13 6.8 8.6 5.9 
4 30 15 13 6.4 7.6 5.9 
5—10 98 42 52 20.9 21.2 23.8 
11—20 49 23 23 10.4 11.6 10.4 
21—30 20 16 3 4.3 8.1 1.4 
above 30 24 20 1 Sal 10.1 0.5 
not returned 49 13 2 10.4 6.6 0.9 
total 469 198 219 100.0 100.0 100.0 


1 154 

2 83 

3 37 

4 120 

5—10 133 
11—20 142 
21—30 165 
above 30 450 
not returned 65 
total 1349 


46 96 
39 34 
19 15 
41 15 
70 55 
98 24 
150 3 
405 2 
15 2 
883 246 
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11.4 5.2 no 
6.2 4.4 . 
2:7 2.2 6.1 
8.9 4.6 6.1 
9.8 7.9 22.4 
10.5 11.1 9.8 
15.0 17.0 1.2 
33.5 45.9 0.8 
4.8 1.7 0.8 
100.0 100.0 100.0 
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TABLE 39: 
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JULY—SEPTEMBER 1953 


EE 


occupation preferred 


[ Parts 3 & 4 
DISTRIBUTION OF HOUSEHOLDS BY PRESENT LIVELIHOOD CLASSES : 


a 5 
Zëss. Š i: 15 E 
e 8353 985 À & A $ 29 a ° 
present occupation Ë E EE 23 E 2 E E E gS Š E = 
Zem EI d$ EP 3$ g f 
0) (2) 3) (4) (5) (6) (7) (8 (9 (10) (11) (12) 
government colonies 
1. cultivation, agriculture 
and allied subjects 1 = - - - = = - M 1 2 
2. crafts and cottage industry L 44 1 13 1 - 3 1 17 3 84 
3. big industry - _ l 3 - - 6 - 4 2 30 
4. trade 3 2 = n) 2$ 2" 174 3 303 
5. construction d 1 - 1 | >= 1 - 4 = 18 
6. transport - 1 - 3 1 l 5 - 8 = 35 
7. services 4 7 4 9 e l 9 Ap 8 18 
8. professional services - - = 4 - - 1 29 — 14 1 49 
9. others = 6 - 16 2 2 18 1 95 15 165 
10. not returned - 2 - 4 1 - 2 - 9 i à 22 
11. total 9 63 20 263 17 20 148 32 27 37 880 
ee 
other localities 
1. cultivation, agriculture i AA I d 
and allied subjects 1 - - - e = = ES E e? 1 
2. crafts and cottage industry 2 28 - 2 - = 3 = 1 4 40 
3. big industry 1 = dÉ es = 3 - 1 1 24 
4. trade - 9 2 153 = 1 q s 20 13 198 
5. construction = = = 1 z = - - 2 9 9 
6. transport - 1 - 4 - 16. NI. is - 3 24 
7. services 1 - - 8 - = 56 1 11 9 86 
8. professional services 1 - - 1 - = 2 1 6. | 2 97 
9. others = 1 = 7 = 1 7 1 27 as m 
10. not returned - - = 1 - 
z 1 = 1 1 4 
11. total 6 32 18 179 4 18 79 18 68 47 469 
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d TABLE 39 (contd.): DISTRIBUTION OF HOUSEHOLDS BY PRESENT LIVELIHOOD CLASSES: 
JULY—SEPTEMBER 1953 


—————————————————— 


occupation preferred 


Ww present occupation 
| in India 


cultivation, 
agriculture 
and allied 
construction 
not returned 


subjects 
professional 


crafts and 
cottuge 
industry 
big indus! 
transport 
services 
services 


total 


Q) (2) 


E 
E 
3 


(6) 


S 
E 
E 
= 
2 


an 2) 


all localities 


1. cultivation, agriculture 
and allied subjects 


w 

! 

I 

I 

' 

I 

' 

I 

1 
- 
° 


w 


crafts and cottage industry 3 72 1 15 1 - 6 š 18 7 124 
| 

3. big industry 1 - 31 5 - - 9 -= 5 3 54 

= 4. trade 2 4 2 352 2 i e 1 94 16 50l 
5. construction 1 1 - 2 14 - 1 - 6 2 27 

6. transport I - 2 - 7 1 33 5 _ 8 3 59 

7. services 5 7 4 28 - 1 148 _ 1 57 17 208 

S. professional services 1 - - 5 = - 3 450 19 3 76 

9. others - 7 = 23 2 3 25 2 122 27 211 

10. not returned = 2 = 5 d = 3 - 10 5 26 
SE EE 

ll, total is 05 38 oa 21 38 se 60 o 84 1849 
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TABLE 40: DISTRIBUTION OF HOUSEHOLDS BY 


State preferred 


SANKHYA : THE INDIAN JOURNAL O 


LIVING IN: JULY—SEPTEMBER 1953 


government colonies 


other localities 


F STATISTICS 


[ Parts 3 & 4 


THE STATES PREFERRED FOR 


um 


all localities 


number percent- number percent. number percent- 

of house- age of house- age of house- ago 

holds holds holds 

(1) (2) (3) (4) (5) (6) (7) 

1. Uttar Pradesh 5 0.6 2 0.4 7 0.5 
2. Bombay 581 66.1 389 83.0 970 71.9 
3. Saurashtra T — 1 0.2 1 0.1 
4. Madhya Pradesh 21 2.4 — — 21 1.6 
5. Madhya Bharat 3 0.3 -— X 3 0.9 
6. Hyderabad 6 0.7 I 0.2 7 0.5 
7. Bhopal 1 0.1 — — 1 0.1 
S. Rajasthan 3 0.3 — == 3 0.2 
9. Punjab 2 0.2 2 0.4 4 0.3 
10. Delhi 8 0.9 7 1.5 15 TT 
11. no opinion 250 28.4 55 1157 305 22.6 
12. not recorded I — 12 2.6 12 0.9 


13. total 880 100.0 469 100.0 1349 100.0 


TABLE 41; DISTRIBUTION OF HEADS OF HOUSEHOLDS BY 


THE EXTENT or S 
LEDGE OF LOCAL LANG deng 


UAGE : JULY—SEPTEMBER 1953 
government colonies 
knowledge about EC eu Su. T — mes 


local language* 


other localities 


number 


Percent- 


all localities 


A 
e percent. 
age ^ 
holds holds "8 Soss. ago 
(1) (2) 3 5 
Es Eo Sin (3) (4) (5) (6) (7) 
1. can read, write and 


speak 46 5.2 83 17:7 129 9.6 
2. can read and Speak 
but cannot write 5 0.6 22 4.7 97 2.0 
3. can speak but can- 
not read or write 99 11.3 80 17.1 179 18 
S 3 
4. understand but 
cannot read, write ^ 
or speak 63 742 58 12.4 12] 9 f 
0 1 
5. cannot Tead, write, 
Speak or understand 655 74.3 224 47.7 879 
; 65.1 
6. not returned 12 1.4 2 0.4 i 
3 4 1.0 
7. total 880 100.0 469 100.0 
: 1349 100.0 
* Only local language i.e., Marathi or Gujrati but most of them have work, 


4 NATIONAL SAMPLE SURVEY : SURVEY OF DISPLACED PERSONS IN BOMBAY 
L 


FACSIMILE OF THE SCHEDULE OF INVESTIGATION 


SAMPLE SURVEY OF REFUGEE FAMILIES IN BOMBAY STATE : JUNE—SEPTEMBER 1953 
CONDUCTED BY NATIONAL SAMPLE SURVEY, GOVT. OF INDIA 


T 
Y name of b. h. head... 


AJ 

1 sample unit Ist stage. 
2 sample unit ond stage. 
3 sizeofh.h....... 


2 name of division...... 


4 name of census tract... 


4 no. ofc. & ed. 
5 nature of tract—urbanfrural. 6 b. h. lives in govt. colony—yes[no 


7 postal nddresa......... 


name of informant. ~__9 relation to hend. 
fe tation to h: 
DI DEMOGRAPHIC AND OCCUPATIONAL PARTICULARS 


met Income Ur 
in cash and/or 
all occupations 


lst End whole 
week week | month 


in main occupation 


Gil 


relation to head 
of household 


2 


m 
s 


yeor of migration from Pa! 
fe 

age last birthday in years 

education etandard (a) 

ERREUR 

employment status (7) 


sex: m=], 
=| occupation code 
industry code 
average no. 
=| hm. per day 
from other activities 
from other, sativities 


no, of days 


employed 
average no. of 
hra. per day 
no. of daya 


employed 


¿| from enterprise 


E 


Ej 
El 
ka 
El 


Particulars of current receipts for 
household purposes only 


(2) 


production] 
agricul- Er 


ture and 
services 


(a) illiterate—1; merely literate—2; under matric—g; &— 4 te—5. (B) e=carncs; e.d.=eerning dependent; n.c.d.mnon- 

dares pet Ma 5, Sunloyeo— omo AM a ana ea ee ME child, women, doing 
ic work, student—5; pensionera. LE —5; B irm, il. 3 

Ploynient (excl.7)—8; rentiers—9. beggars—0; unemployed seeking employment for the first tlme—7; unemployed seeking 
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VII) LOANS AND GRANTS (EXCLUDING DOLES) RECEIVED FROM GOVT UPTO DATE OF SURVEY............ ... 


[ Parts 3 & 4 


7 
| loans and grants received | disbursement of the loan and grant received 
T ep given to 
š inter. 
s| specification or | = | date of | no. of | date of fe e ESCH DE M 
me TPS E malus ime purpose [purposes | hold Fepay. in hand | repaid | paid 
: | first in which) last total | taken con- ment | if any | to date ai 
T | instal- | total is | instal. | receipt E ES: loan | help ni loan! 
š ment | received] disc c Se e 3 te bu. 
ene CON 2 9 | a9 | anj aa an (15) | ae 
a (2) EIRE i [7] CHI 
1 CT 
1 | homestead land* | + Zi | | 
2 | house building gr | LJ L 
3 | cultivation lande — | Í | | J 
4 | agriculture (incld. 
cattle & implement 
purchase recla., 
irrig., etc.) | 
—T 
5 | trade 
6 | profession Ë 
7 | maintenance Es 
L SS 
8 | maintenance grant 
10 | total n x SI 


if land received instead of cash, amount in acres (00.00)—1) cul 
ING LAST MONTH 


tivation. 


" IX) EXPENDITURE ON 


OTHER ITEMS DUR. | ren HOUSING 
consumption from total ING LAST MONTH 
—| consumption | ^ ENDINGON.......... e 
other sources 
ES items home supply | (purchase, — 
mo. | barter ete.) 
d itema 
qty. value qn. value] sr. 
std. ena M Ra. etd. sra. ino. items 
(00.00) (00.60) | (06.00) | (00.00) 
a e o CRE @ Rs 
1 | wheat & prod, (2) E (3) 
2 | millet & prod. a) e) | e | 1 | renteajomnca 
1 1 EJ 
3 [opie creat aca 1 | clothing 2 | no. of rooms 
| 4 | total (items 13) | — |] | 3 | house rent (res) 3 | fl. space (eq. ft) 
wer —( [^ = 3 | house maintenan = — 
DES a CH 
Lal: ls | & tax (res) construction or 
cl 1] [| _| 4 | fuel & ligar A PR value 
7 | oils & dairy prod. BRE nm ar 
nes Ë Ere EENE 
= : _ Koch 
9 | all other food » Em SE = ANNE 
grand total £ I roof 
10 | total (items 4-9) 7 | tem 6 plus item 2] | moot 
|. Vitr] 8 ighting 
[X] PRIVATE LOANS AS ON DATE OF SURVEY. 
gas | tunt amount | [XII WATER & LATRINE 
en | year | now due rate of | security, | purpose y 
no. | Re. | den interest | “ifany’ | Peer [n items type distance SH 
w | a | ei oe | ® (6) o [m [c zl I 
Ee: 1D (3) (4) (5) 
` — 1 | drinking water e 
SE 2 | other water A 
Es | 3 | latrine f 
5 i 
[XUI] HOUSEHOLD'S PREFERENCE (XIV) REMARKS: i 
Kë " ES; 
8T. no, item Preference reason 
a) g (3) ` m 
1 [staying place 1 
2 | occupation 
XV) 


) name of investigator 


2 date. 
Signature . 


Teen 
1 name of inspector, 
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THE MULTIPLEX METHOD FOR LINEAR PROGRAMMING 


By RAGNAR FRISCH 
University Institute of Economics, Oslo 


1. THE PROBLEM 
In standard form the linear programming problem can be formulated as follows. 


Consider (n-+m) real variables M 
Lis Var sers Uam . CH 


satisfying m linearly independent linear equations. 
The number of degrees of freedom is consequently n and it is always possible at least 


in one way to express all the variables in terms of a set of n basis variables, linearly indepen- 


dent amongst themselves. Let 
Minas saw e an (1.2) 


be such a basis set. The equations may then be written in the standard form 


ps ba + E dut (j=1,2,...,n+m) ve (1.8) 


Kote, veto 


where the ba and bj, are constants. Obviously 


1 ifk=j 
Bee =0 and by = 0 when j = U, % ... W. s (14) 
0 otherwise 


Tf the equations (1.3) are taken for all j = 1,2,...,n--m, we get a system of equations 
that are linearly dependent, but if we take (1.3) only fort j = 1, 2 ...Ju, v ... W.. N+M, 
we get a system of equations that are linearly independent. More precisely : If the 
coefficients bj) and bj; have any values whatsoever, m equations of the form (1.3) for 
j= 1,2...) t, 9... w(...n-]-m are always linearly independent. 


We consider a linear preference function 


f= Pt Pate Pi or see Patio (1.5) 


where the p, (k = 0, U, v ... w) are any given constants positive, negative or Zero. 


It does not restrict generality if we assume that only basis variables occur in (1.5). 
Indeed, any linear function of all the n-+m variables will assume the form (1.5) when all 
is variables by means of (1.3). 


the variables are expressed in terms of the bas 
is the problem of determining that one or those 
.5) subject to two sets of conditions. 
d place the non-negativity conditions 


The linear programming problem 
sets of values of the variables that will maximize (1 
Tn the first place the equations (1.3), and in the secon 
expressed by the inequalities 


a. Ges D END... REM): ses (136) 
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If there should 


ity condition, this variable could 
be eliminated and the problem reduced to one with the same number of degrees of freedom 


but one equation and one variable less. A problem containing any linear inequality, that 
is the condition that a given linear function of the variables shall be XR nagate; can be 
reduced to the above standard form simply by putting the linear function in question equal 
to a new variable that is entered in the list (1.1). 

The inequalities (1.6) introduce discontinuities in the boundary conditions, and this 
makes the method of Lagrange multipliers, which Serves so well in many maximum problems 
with side conditions, inapplicable here. 


The neoclassical method for handling the linear i 


some methods that may be more advantag 


eous in cases with a gre 
particularly in problems of the type occu 


tring in macroeconomic planning! 
Tt is an easy form of mental exercise to imagi 
ook nice on paper, but in most e 
or if they do converge in principle, the conver, 
method entirely useless in practice, 
able junk-pile of such methods, 

features that may make them use. 


form or 
ases Such methods do not converge, 
al be so slow as to make-the 
ave accumulated a consider- 
e used, do, however, contain 
Some aspects of methods 
examples, are described in à 


which the following might 


21 June 1954 : Methods of solving linear Programming problems. 
to be given at the International 
Varenna (Lake Como) 


Synopsis of a lecture 
Seminar on Input-Output 
June— July 1954. 


Principles of linear Programming. Wi 
gradient form of the | 
29 March 1955: A labour saving 


Analysis, 
18 October 1954 : th particular reference to the double 
: ogarithmie potential method. 


linear 

programming. Part I. 

13 May 1955 : The logarithmic - With particular 
i national development, Synop- 


mal colloquium of 


we have 


Y be called 
shed from the simplex method, 


and particularly 


Ype of computing 
SNR nire ER s 


"e been Produced. 


titute for Social Studies, The Hague 


: I also discussed ` 
> in the Spring of 1957. 
330 


THE MULTIPLEX METHOD FOR LINEAR PROGRAMMING 


machinery available. In all our work we have been guided by the possibilities and desi- 
derata in a situation where the available equipment consists of desk machines or IBM 6024 
(or its electronic improvement 626, or similar types of calculating punches) or electronic 
automatic computors with a small high speed memory, as for instance the Oslo machine 
NUSSE (whose name academically stands for “Norwegian Universal etc”, but is better 
understood when referred to the meaning of the Norwegian word nusse which can appropriately 
be translated as “small cute girl”). Our outlook may perhaps be changed when we get 
used to the super modern, high capacity electronic computor that will be available here 


from the middle of next year. 


2. THE INITIAL POINT 


Start from a point in the interior of the admissible region, that is such a combination 
of the values of the basis variables (1.2) as will make all the (n--m) variables (1.1) effectively 
positive (not zero). If necessary, use the S(A) method of Section 6 in “Principles of linear 
programming” for finding such a point. 


From the initial point move by some method in a direction which is influenced by 
the direction of the preference vector, i.e. the vector with components p, (k = u,v... w). 
A highly effective way of determining the direction of such a movement and at the same time 
taking account of the boundary conditions is the double gradient form of the logarithmic 
potential method, but this does involve a higher computational cost than simply to move, 
say, in the preference direction. At present I cannot say definitely which one of the alter- 
natives for the initial step will be computationally most profitable when account is taken 
of what may happen in the subsequent steps. Itis, of course, always tempting to start in 
the cheapest way. 


The computations involved in a movement in the direction determined by the double 
gradient form of the logarithmie potential method, are described in detail in “Principles of 
linear programming" (in particular (12.29) —(12.31) and $ 13). A movement in the 
preference direction is simply determined by putting 


vy = HAD, (k = u,v... w) se (Qu) 


xg being the coordinates of the initial point, and letting A increase from 0 through positive 
values. 


1 The S(\) method is well adapted for mechanical computation. It is in essencé a method of 
finding solutions to a set of linear inequalities. I suspect that from the procedures involved in the S(1) 
method we can also extract a necessary and sufficient criteria for the case where an admissible region with 
a positive content exists, but I have not had an opportunity to follow up this idea. One of my associates 
in a working team at the Indian Statistical Institute in the winter of 1954-55 suggested that when tho 
linear programming problem is transformed into a problemi of solving a set of linear inequalities (which 
is possible by a theorem of J. von Neumann), we may solve the whole linear programming problem by: 
the S(1) method. Ido not know how fruitful this idea is. I suspect it will depend on how large tho 
number of degrees of freedom in the optimum point is. The pointset that in the original formulation was 
the optimum point set. (possibly only a single point) will appear as the admissible region in the transformed 
problem. In order to apply the SU) method to (1.6) we do not. need to know beforehand the dimensionality 
of the pointset that actually satisfies (1.6). 
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The change in the other variables in the course of this movement is determined by 


j = «+ Ad; (j= 1,2,..., ntm) (2.2) 
where d; = GEI G=, y nm) (2.3) 
k=u, vw 
The largest value permissible for À when we shall stay within the admissible region 
ist 
Amax = Min à; À; = 0 . (2.4) 
3 
Where A 


Il 


o 
Z; À 
= | d; < 0, 


max, and come closest to 
he optimum candidates 


= & is the value of J that furnishes 
the minimum (2.4), j = 


--Up to some value j = y, we Say that the li: 
canditate. Some of the candidates m 


happen that Aa = Ag (in the double 
that in the breaking-out-poi 


` 
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Since we have an exact necessary and sufficient criterion by which to decide whether 
a given point is optimal or not, and since we have a method of proceeding to correctional 
computations at the end if the optimality criterion should turn out in the negative, it is a 
sound procedure to work with guesses on the optimum candidates. 


Empirically we have found that it pays fairly well to include at each round additional 
candidates equal in number to the square root of the number of degrees of freedom with which 
we arrived in the breaking-out- -point in question. 


Since this rule will usually give fractional numbers, we use a standard procedure for 
the rounding off to integers. 


We first compute by the following recurrence formulae 
Ni = NV Nia w (3.1% 


the number of degrees of freedom N, which should theoretically be retained in round 
number ¢, the initial value being N, = 2. 


These numbers N, are then rounded off to the nearest integer 
n, = nearest integer to N, ss (8:2) 


and n ,—n, is taken as the number of new candidates to include in our optimality guess 
before we start on round number /. 


Or otherwise expressed : When going from round number ¿—1 to round number 
t, we reduce the number of degrees of freedom by 


Ni. w» (9.3) 
For instance, if n = 12, we get the scheme indicated in Table (3.4). 


TABLE (3.4. EXAMPLE OF COMPUTATIONS (3.1)—(3.3) 


number of | number of 


degrees of | variables to 
| freedom be put equal 
round number | solution of | with which to zero when 
| (3.1) M this round | starting on 
| is to be | this round 
performed | 
| nt | Weg CG) 
t= 0 12.0000 | 12 | 0 
d 8.5359 9 | 3 
2 5.6143 6 3 
3 3.2448 | 3 3 
4 1.4435 NE. 2 
5 0.2421 0 | 1 


Towards the end of the work when the rule indicates that two variables shall be put equal to zero, 
we only take one (the leading candidate), becauso it will involve no more work to use (4.2) twice than to use 
first (5.2) (to bring one variable to zero) and then (4.2). 
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4. A PREFERENCE INCREASING MOVEMENT 


Consider a point where v( < a) variables 


Las TB). Ue, es (4.1) 


— basis variables or dependent vriables —are equal to zero, all the other v 


ariables being 
effectively positive. That is to say we are in a point on the boundary 


of the admissible region, 
Consider a movement from this point in the direction 
dy = Pr+Ba Dae + Bgbgy-I- Bn (k = u, v.w) (4.2) 


where the Bis = <, B...y)—independent of k—are the solutions of the sy 


stem of linear equa- 
tions 


Mab Boa E Ba Ma +... B, M. 


a = (s = <, f...y) we (4.3) 
P= 0,0, Pussy 

where Ma-— E baby . (4.4) 
kau, v.w 8 — 0, x, B... y 


We assume that the boundary vectors bar, ba, A 


vk are linearly independent so that (4.3) has 
a unique solution. 


The B are called the regression coefficients. 


With the direction numbers (4.2) we perform a movement 


æ being the initial values and À being 
values. During this movement all the 


%=+Ad, (J = 1,2, ..., n+m) (4.6) 
where d; os. m bud; (23, P — n+m). (4.7) 


The preference function will also change. More precisely, for any positive value of À it will 
have increased as compared to its initial v. 


alue. We have indeed 


Kë Mos Mog M, | 
Moo Mo Mp Ma 
Mio Mge Mop By 
la. x = A Moo My, M. M, 
f / A LE, Dei a Mo Map e M, T 
Mea Mog ... MS. 
o MN E (4.8) 
Mu Mu ... Mo 


By (4.4) the expression to the right in ( 
and hence positive definite. 


Lë 


== > —————Á—À €  —— —TIƏIa Y _ ——OÑ 
— ` | | 
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All the variables xa, Vg, +++) 2, On the contrary will remain unchanged during the A 
variation because by (4.2) and (4.3) 


=A Y dyad, 
k=u, v.w 


= A(Mos+B Mas Bell, ER (8 = a, By). s. (4.9) 


The parenthesis to the right in (4.9) is zero by (4.3). 

Since the rest of the variables are all effectively positive, we can let A increase a cer- 
tain non-zero amount before we hit any boundary plane. Its maximum value will be deter- 
mined in exactly the same way as in (2.4)—(2.5) and we will consequently have a new 
determination of some basis candidates, their number being determined as explained in § 3. 

This guess being made, we try to move to a new point where these new variables are 
zero as well as those that were previously brought to zero. In doing so we retain the same 
basis form of the equations, that is to say we retain the same basis variables (1.2), the redue- 
tion in the number of degrees of freedom being produced by conditions imposed on the 
direction of the movement. This is done as follows. 


5. A VARIABLE-AN NIHILATING MOVEMENT 


Suppose that we are in any point 2% in the admissible region and want to move 
towards a direction point where the v variables Las Ups -e Vy have reached prescribed (posi- 
tive, negative or zero) increments 


Aaa, Ang, se, An, EE 


the direction of the movement being further specified by the requirement that it shall have 
components of the form 

d, = Cabar+Cp bgy--...-- C, bag (k =u, v...w) ... (5.2) 
where C,, C, ..., C, are constants independent of k. 


The values of these v constants will be determined by the requirement that the v 
increments (5.1) shall have prescribed values. Indeed the coefficients C must then be 
solutions of the system 


CaMas+Cp M +..C Mj, = Am, (s=a,f,..,7)- . (5.3) 


We assume that the matrix in the left member of (5.3) is non-singular so that the 
system has a unique solution. 

Inserting the € values thus obtained into (5.2), we get a set of well defined direction 
numbers, and ean proceed to a movement of the type indicated by (4.5) —(4.7). In particular 
we may choose the increments (5.1) as 


An, = —a (=P asy) … (5.4) 


in which case all the v variables Tas Up, ... Vy Will be zero in the direction point. 


As À increases from 0 to 1, we pass from the initial point to the direction point where 
the prescribed increments (5.1) are reached. Two cases are now to be distinguished: We 
may be able to proceed unhindered up to the point A = 1 where the increments (5.1) are rea- 
lized, or we may en route be Stopped by the boundary plane of a variable which is not in 
the set a, ap, ..., ty. 
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If the set x,, Xp, …, 2, has been successfully selected, we will as a rule have the first 
alternative. In this case all is well, and we can proceed from the point thus obtained by using 
(4.2)— (4.3). Computationally this is now an extremely simple matter if the system (5.3) 
has been solved by the Gaussian elimination-algorithm.! The computation of the B 
(s = a, f ... y) that satisfies (4.3) will then only be a matter of one more back solution. 


s 


In the other case we will meet (at least) one other boundary pl 
À=1. In this case we start from the point reach 
that contains all the variables that 
stopped us together with those vari 
point where we now are. 


ane before reaching 
ed and use (4.2) with a set Las Zp, ..., Vy 
are zero in this point. This is the variable which just 
ables that remain zero during the movement up to the 
In the breaking-out-point to which this will lead us, a new selec- 
tion of candidates can be made according to the standard rules of $ 3 and § 4, Since 
the last movement was made by (4.2)—not by (5.2)—we will be justified in counting it as a 
round which means that a correspondingly larger number of variables will be included in the 
optimum group in the next round. In any case should the total net number of 


degrees of 
freedom n, n according to the rule of $3. 


to be used in round number t be take 


6. THE accuracy OF THE COMPUTATIONS 


As we proceed in the work the n 
will increase. This means that the orc 
or (5.3)—will increase. 


into the set x., e, Uy 


equations—that is (4.3) 
Since we do not need to consider an entirely new system at each 
s, the computational cost 


But some attention must 


be paid to the accuracy of the results. In general one will need all the more 


the higher the system, 
be maintained exac 


bsequent work. 
the moments (4.4) with 


Letting B, and €, be th 


e values obtained through the G 
improved values By and C; 


aussian algorithm, the 
s are then computed by 


—M,— X B.M,— Y BM, 
B, ed TES — T8 s SS 
a (07 (s=c,A...y) 


An— ECM, Y OM, 
EE 1>s 


M, — SEH EEN 
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To perform one such iteration round is equivalent to testing the solutions by inserting 
in the original equations. The iteration is therefore also a reliable check. If judged neces- 
sary by the change produced from the uncorrected to the corrected values, one more iteration 
round may be performed. The computational cost involved in one iteration round is of the 
same order as that involved in the back solution by which B, or C, is obtained. 


7. SUFFICIENT CRITERIA FOR OPTIMALITY 


In the work as here outlined each round will consist of two movements: First one 
of type (5.2) through which certain additional variables are brought down to zero, and next 
one of type (4.2) where all previous 0-variables are maintained as 0-variables and (usually) 
one more 0-variable is introduced, and at the same time a selection is made of certain vari- 
ables which one will in the next step try to bring down to zero. 


If the Gaussian elimination algorithm is used, each round will involve adding to the 
previous matrix as many rows and columns as there are variables which now are to be forced 
down to zero, elimination-treating these added rows and columns and then performing two 
back solutions of the complete system. 


When (5.2) is used, the fact that the computation of the solution of (5.3) for the C, 
(s = a, 2 ... y) in the case where not all Aa, are zero, proceeds regularly and does not by (5.2) 
give a set of dy (k = u, v ... w) that are all zero, assures us that the variables Mas Wipes 
not linearly dependent. 


When we reach a stage where all the d; defined by (4.2) turn out to be zero for k = w, 
P w, we must consider the possibility that we have reached a point in the optimum region. 


If all the coefficients Ba, Bg, .... B, entering into the d; in question are non-negative, 
we can say immediately that we have actually reached an optimum point and that there 


exists a (n—v) dimensional region of such points, v being the number of variables in the set 
1 


Ta Cas sous De 

This is seen simply by noticing that if all the d; defined by (4.2) are zero— a fact that 
only expresses a feature of the boundary vectors b, and the preference vector pk and has 
nothing to do with the particular point, i.e. the particular values of z,, z, ..., Vw, Which we 
may happen to consider — we get by equating (4.2) to zero 


f—Pt E pru=p- > E Bebe fu X B,z—Mbo) 
E=, Dän s=a, BY k=U,1...0 s=a B..Y 
that is fe [ Pot s Bb] — E Ba, so qj 
s=a, B...Y geg BY 


Since this formula holds good for any values of the basis variables inside or outside 
the admissible region or on its boundary, we can immediately conclude that if all the co- 
efficients Bis = a, 2... y) are non-negative, we can nowhere in the admissible region find 
a point which produces a value of J larger than the value obtained by putting 


(7.2) 


La = zg = ... = Ty = 0. 


1If N of the coefficients B are actually zero, there even exists an (n—»-+.N) dimensional region 
of such points. The corresponding N conditions in (7.2) can then be dropped. 
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This optimum value for the preference function is 


fi » se CS 
fon = Por x a Bi PS 
=a, B... 


If the computation of the coefficients B,, Bg, ..., B, has Proceeded regularly, the 
boundary vectors bans ber, ..., D. cannot be linearly dependent. Hence the linear manifold 
defined by (7.2) must be of dimensionality n—v where v is the number of variables in 
(7.2). That is to say there exists (at least) one set of n—v of the variables which arg linearly 
independent and will, as they vary within the confines defined by the admissible region, 


generate a linear manifold where every point is optimal, i.e. produces the preference 
(7.3). 


e value 


If all the d, defined by (4.2) are zero for k = u, v... w. but one or more of the coeffi- 
cients B are negative, we may have one or the other of the following two situations : 


(I) We are actually in an optimal point, and if so, it must be 


possible to transform 
the expression (7.1) in such a way as to obtain a linear form with 


only non-negative co- 


(II) We are not in an optimal point, 
candidates must then have been wrong, and in order to proceed towards 
we must again let loose one or more of the variables we have tentatively 

Case (II) is diseussed in $9. Inthe present section we 


few simple graphical illustrations will indicate the possiblities 
order to bring the expression (7.1) 


that a sufficient criterion for optir 


Shall consider case (D. À 
and what can be done in 
over into a form with only non-negative coefficients B so 


ion is two-dimensional (being 


w E). The optimum region is the point A(v =n = 2). 


the boundary in the vicinity of 
5 (1) and (4), representing the conditions %=%=0. There are, 
through A, namely the lines numbers (2) and ( 


3), repre- 
= 0. These two lines are situated entirely outside of the 
admissible region — with the exception of the poi 


Ing any two of the four 
variables Tis Vo, 25, 2, equal to zero, This might not be discovered 


end of the calculations and this is w 

If the two lines numbers (2) and (3) h. 
would have been very simple. The necessary 
optimum point, would then obviously have 
Situated in the convex angle ( Me 
the two negative boundary ve 


ctors (—),,) and (—b,,). noted 1 and 4 and drawn 


1When a region (in the "special case v—n; 


a Pa ^ + it is customary to E c 
of “degeneracy”. ` This term is not a happy one. It seems more appropriate erg suggestive A sé De? 
“a multi ply determined” region, Ponta ip 
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as light arrows in fig. (7.4). This is the same as to say that the preference vector could 
have been expressed as a linear form in the two negative boundary vectors and with non- 
negative coefficients, i.e. as a linear form in the boundary vectors themselves, bj and Dax 
and with non-positive coefficients. It is easily seen by a graphical inspection that this is the 
necessary and sufficient condition that there are no points that fall on the desired side of the 
preference plane through A and at the same time in the admissible region. 


As the situation actually is in fig. (7.4) the preference vector may in 


be expressed as a linear form in two boundary vectors b 
will give both coefficients of the boundary vectors non- 


3, 4 the coefficient of bs, will be negative but that of by. positive. If we use the set 2,3 both 
coefficients will be negative, so that 2,3 will actually furnish a sufficient criterion 
mality. Geometrically : If the preference v 
a fortiori be situated in the angle 1, 4. 

terion, This latter set-being characteri 
are included in the convex angle (1, 4 
other sets, namely of furnishing a nec 


( 3) = 6 ways 
ak: Spice + ff), but not all these ways 
positive. For instance, if we use the set 


for opti- 
ector p, is situated in the angle 2,3 it must 
If we use the set 1,4 we will also get a sufficient cri- 
zed by the fact that all the boundary vectors in A 
) —has a further property not shared by any of the 


8 point 
for the 
bles are 


racter of optimum point. 


The set of boun- 
we may call the minimum set. 


And the same designa. 
> that is +, and ay, 


y so doing we get a posit; 
vectors, say bg, and a negative coefficient for the other—in fig. 
m vectors, that is vect, 
> it is not the variable x, 


tive and by, a negative coefficient. 
if we want to work towards a minimum Set. 
Fig. (7.5) illustrates the case 
the optimum region, 
line BC. 

The two planes (1) and (4) (shaded in fig. (7.5 
(3) only introduce unnecessary 
will define the Straight line tha: 
The vectors b 


v=2,n=3. There are four 
Which is now one-dimensional, 


um set, while (2) and 
f Any two of the four planes 


1002, Daz, by, that are normal to these four plan 
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This suggests the following heuristic rules for handling the case where we have reached 
a point which we suspect of being optimal and multiply determined. 
Suppose that a movement is made by (4.2) and that the breaking out point to which 
this leads is determined by the fact that a certain number o of the variables, namely 
Lo ($ ... V being o affixes) .… (7.6) 


ç 


become zero simultaneously. 
Also suppose that a further movement of the form (4.2) but now with a subset 


mg TG (0...8 being 4 affixes amongst those in (7.6)) es — en) 
included, ke., 
dy = Ppr+Badar+ > +Brydyx + Bob ++ Bid (k= u,v... w) ave TE) 


makes all the d; for k = u, v ... w equal to zero, but at least one of the B negative. 
Regardless of the signs of the B, we know that if all the d} are zero, the preference 
funetion can be written in the form 
f [p+ > By, | = 8. I sa GO) 
s=0,8::7, 0...8 s=a, B..." 0.5 
In the case now considered at least one B is negative. 

We want to replace one or more of the variables numbers a, fj ... y, 0... ó in (7.9) 
by an equal number of variables chosen among e, f...y. 9 ... d (compare (7.6) ) in sucha 
way as to obtain an expression for the preference function with only non-negative 
coefficients B. 

In principle this can be done by testing all possible m combinations of 


(v--j)) variables picked in the set consisting of the v variables numbers g, f... and the 
variables (7.6). Since this may involve a tedious or even prohibitive work if done in a 
random order, we try to test the most promising combinations first. 


For instance if one of the » variables number a, f y is such that in the course of 


lusion produced one or more negative coefficients B, we may try to 


the previous work its inc Š 
alterna- 


o 
take this variable out. And then in a systematic way test one by one the Le %—1) 


tives obtained by adding (#-+1) of the variables (7.6). 

In so doing we need to express some of the (v +e) variables in terms of (v-+/) of them. 

In the multiply determined optimum region now considered, we can assume that any 

(v--4--1) boundary vectors from the set of (v--o) boundary vectors numbers a, B sai DÉI 

$... Yy, are linearly dependent. For instance let numbers a, J ... y, 0 ... à, x be linearly 
dependent. That is we have 

> DÄ = 0 for all k = u,v... 


3=0,B...Y,0...0, 6 


(7.10) 


where the coefficients D are independent of k and not all zero. 
They can be determined from the non-homogeneous system of order (v+1) 


= D,M, =9 (s — o, f... y, 0 ... 0) s. (UID 
aa, BY, 0.5, K 
Dy=1, (7.12) 
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Fe “POLI " . 
If the matrix M,, of rows and columns P = me xa E o 5) is non-singular, 


(T.11) in conjunction with the convention (7.12) will determine the coefficients D uniquely. 
This assumption amounts to the same as to say that the (+u+1) set (a, B y, 0 00:86) 
is linearly dependent but the (v--p) set (æ, B ... y, 0... 9) is not. 


If (7.10) holds, we have 


> D,(z,— so) = 0 


s=a, B.Y, 0...0, £ 


(7.13) 
Indeed, the left member of (7.13) is equal to 
= x, > 


k Db; 
k=u, v.w 8—a, B.Y, 0.5, x 


and the last sum in this expression is zero for all £ by (7.10). 


Through the regression equation (7.13) — which holds 


good for any point inside or out- 
side of the admissible region or on 


its boundary—any of the variables that appear with a non- 
zero coefficient in (7.13) can be expressed in terms of the others. Choosing the affixes 0 ... ô, K 
differently, we obtain the necessary formulae for testing the various combinations and see 
if any of them can produce an ex i 

negative. 


A numerical example where the 


above method rapidly yields 
for optimality, is given in § 10, 


a sufficient criterion 


the region considered cannot be optimal. 


If at any stage we find that by using (4,2 
increase of A to infinity, the linear Programming 
tion can be rendered arbitrarily great, 


) no boundary plane inter 
problem is such that th 
In practice this is à trivial case, 


venes to stop the 
e preference func- 


um point has been reached. It may be 
sufficient to note that a high value of the preference function has been reached. If go, one 
does not need to worry about the trouble that may be involv i 


to proceed accordingly. One way 
negative regression coefficients. 


Suppose that one move of the kin and that all the coefficients 
B in (4.2) have—through the solution of (4.5 non-negative. And father 
Suppose that when the move (4.2) wi i 
out point indicating that the additional set 0 ... 


that contains the preference function, will be of the form (7.8). 


Hntuitively one would think that this is always possible because the admissibl 
but T have not gone through an exact proof. 


— e 
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or more of the coefficients B in (7.8) turn out to be negative. We may then decide not to make 
the move according to (7.8), but instead drop one or perhaps more of the variables numbers 
0... 6, and see if this should produce a determination of the direction numbers d, which 
involve only non-negative coefficients B. We may first try to drop the variable that was 
the last candidate in the priority order for the variables numbers 0...0, and next—if 
necessary —try to drop that variable which was next in priority order, and so on. Finally 
—if necessary —we may try to drop more than one of the variables numbers 0 ... à. As soon 
as asetis found that gives only non-negative B, we proceed. 

In the new breaking out point thus determined, the number of new candidates to 
include in the optimum set may be determined by starting a new count on the basis of the 
square root rule formulated in the beginning of $ 3. 


By following the above rule in all the rounds of the work it will usually be easier to 
handle the optimality criterion at the end. This is illustrated in the example in $ 10. 


It is interesting to note how the value of the preference function is gradually in- 
creased. Towards the end the rate of increase gradually decreases from round to round 
in such a way that most of the increase can be realized without carrying the work through 
to the exact optimum. In many practical cases this may be of considerable value. 


9. CORRECTIONAL COMPUTATIONS IN THE CASE WHERE THE 
OPTIMALITY CRITERION TURNS OUT IN THE NEGATIVE 


If we have reached a corner on the boundary, that is with v = linearly independent 
variables aq, 2x. ..., 2, equal to zero, or we have reached a stage where (n—v) is equal to the 
dimensionality of the optimum point, as we happen to know it beforehand, and if in either 
case the optimality criterion turns out in the negative, we must at one stage or another have 
made at least one wrong guess. At least one of the vriables must therefore be set free from 
the condition of being zero. The same applies in the case (II) of Section 7. 


Sometimes the general aspect of the numerical results will give an indication of which 
one or which ones of the variables in the set *,, vg. ..., 2, should be set free from the condi- 
tion of being 0. 


One way to set a variable free is, of course, to all make the computations over again 
with this variable kept out of the set x,, vg, .... 2. This may easily be done if the variable 
in question was one of the latest to be included in the set ta, 25, ..., «,. Only a slight recompu- 
tation will then be needed.! But if the variable in question occurs somewhere in the first 


1 If the computations have been made in such a way as to store the triangular matrix which is 
obtained in the course of the work or the computations proceed by means of the inverse. This will often ite 
the case when one works with an automatic electronic computor. If N is tho order of the inverse which 
the machine can handle directly and the order of the matrix 7 is larger than N, perhaps very much larger, 
the best procedure is probably to increase stepwise the order of the matrix by means of fürmulae gnam 
to those of $ 4 in "Principles of linear programming". One will then begin by computing the um 
of the upper left N x N corner directly, end then compute the inverse of the 2N x 2N upper left MUR 
by means of one new N x N inversion and some extra work. Further the inverse of the upper left 3N x 3N 
corner is computed by means of one now Ñ x N inversion and some extra work. And so on. As one 
proceeds, the extra work needed becomes larger and larger in proportion to the N x N inversion, but even 
so this procedure is probably the most offectivo when the capacity of the machine is not sufficiont to handle 
the whole inversion directly. The procedure is particularly adapted to the method ofthe present paper 
which proceeds in any case by adding rows and columns round by round. Inversion formulae are E 
in section 13. k d ses p 
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part of the list, the recomputation will virtually mean to start afresh. The problem there- 
fore arises if it should be possible to perform the operation of setting one or more variables 
free by a computational procedure that permits us to use most of the previous results. This 
is done as follows. 


Suppose that by an application of (5.2)—with not all the Az, in (5.3) equal to 0— 
we have reached a point where all the variables z,, xg, ..., 2, have actually been reduced to 
zero, and suppose that we subsequently decide that we should have wanted to make this 
movement without making any assumptions about a certain subset Lg» 


-x of the variables 
in the set z,, wg, ..., zy. 


To do this we insert in the v dimensional system (5.3) not the values Aw, ... Avs that 
were prescribed in the movement as first defined, but such values Ax, ... Aw; as will make 


C, ... C; vanish in (5.2). These values of Az, ... Az; are determined by the system of equa- 
tions 


COD Azot ... 407 Axp— 0  (r=0...8) (9.1) 


where C, (s = c, f ... y) is the solution of (5.3) for Av, = ... = Av; = 0 and all the other 
Az, inserted with the values they have in the movement now wanted made, 08 (s = a, ff ... y) 


the solution of (5.3) for Ax, = 1 and all the other Ax, equal to zero, and similarly for C8 ete. 


Having determined the solution Au, ... Avs of (9.1) the direction (5.2) with 


Ca = (+O Az... +OP Ax, (s— a, B... y) … (9.3) 


is the direction that would have been obtained by setting a ... x; free. 


Obviously if the C, are determined by (9.2) the direction thus obtained will by (9.1) 
not contain the terms Co Bari bat, 

Similarly, from a point where the variables Ta Up... 2, are all zero, we may have 
made a movement by (4.2) but afterwards decide that we should have wanted to do it 
without including certain variables zo. 25 that form a subset within the set 2, xg, 


sts Ways 
To handle this case we first consider the problem of moving from a given point in 

a direction 
d, = Api Aha Abt + A bus (4=1,2...n) (9.3) 


where the constants A are determined in such a way 


that the preference function f as well 
as the variables x,, xg, . 


+» & assume given positive, negative or zero increments 


Af, Awe, Arg... Az,. 


(9.4) 
In order to achieve this it is obviously necessary and sufficient that As À: A A 

form the solution of the (v--1) order system 9 A, Agr... A, 
AM +A Mos + Ag M pt. + Ay M, = Az, (s =0, "TN y) (9.5) 


where for simplicity we have denoted the preference function f by xp. 
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Tf we are only interested in the direction of the movement, not in the absolute values 
akes no difference whether all the coefficients A are multiplied 

We may for instance normalize the solution by putting Af, 
If we do this, and put 


of the components (9.3), it m 
by a common positive factor. 
that is Aap, equal to such a number as will make Ay = 1. 


Ar, = 0, Aug = 0... Amy = 0, « (9:6) 


we get the coefficients Ba Bg ... By that satisfy (4.3). 

This being so, consider the case where we want to determine the direction that would 
have been obtained if we had not imposed the 0-condition on the particular subset 2% ... Va- 
We do it simply by not putting Aa, ... Age equal to zero but to such values as will make 
Ag —— As vanish. In other words we consider the system (9.5) for 


Aa = magnitude to be disposed of so as to make A, = 1 


Ax, = 0 for s = 4, P..JO ... OY (9.7) 


Ae + Arts magnitudes to be disposed of so as to assure Ag = ... = Ag = 0. 
For a moment we may disregard the equation s = 0 in (9.5) and only consider the 
.y. These equations are completely specified by the data written in 


equations s = 2, fj .. 
We may (if we take account of the condition 49 = 1) write these v 


two last lines of (9.7). 


equations 
Moe-+AgMas+ApM ps+ + Avr = Ar, (s—a 8-7) (9.8) 


where the Aa, are given by (9.7). 
Let, as before, B,(s = c ñ... y) be the solution obtained by putting all the Aa, in (9.8) 
are the previously considered system (4.3) and let AQ (s = a, P ... Y) 


1, but all the other Ax, = 0, Aš the solution 
The general solution of 


equal to zero—comp: 
be the solution obtained by putting Av, = 
obtained by putting Az; = l but all the other Az, = 0... ete. 


(9.8) can then be written 


Ay = Bet A? Ay + +45 A (8 = m Pee y) (9.9) 
The conditions À, = +... =A, = 0 are consequently expressed by the system 
B, +4! Aag +. + A An =0  ($—0..9) (9:10) 


The order of this system is not v but equal to the number of variables we want to set free. 


When Az, ... Av; are determined from (9.10) the direction numbers to use will be 


dy = Pp Abe +) Abg Aabatles HA brn (le = ty ns gj» BAD 
been the A, (s = a, f... )0 ... 0(... y) may be determined, either by inserting Ae ss A25 
into (9.9) or by performing one back solution of (9.8) with the values for Ary ... Avs in the 
right member. 
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The computational cost involved in this procedure consists in: 1) As many back 
solutions of (9.8) as there are variables to be set free, and 2) one back solution to obtain the 
A, (s = a, D. Ve... 9(...y), or the corresponding work involved in using (9.9). "The B, can 
be assumed known from the previous work. 

Once the back solutions needed to compute the 4, (s = <, E M … À(...) are avail- 
thus established in the same way 
8 à set of optimum candidates, 


If no specific variable or variables in the set Vos Vp, e Xy distinguish themselves as the 
ones that need to be set free, one may make a small move into the interior of the admissible 
region—even at the cost of some decrease in the preference function — and from the point 
thus obtained make a fresh start. If the move into the interior of the admissible region is 
made in reasonable Way, one will get a new starting point from where 


it is possible to make 
a much more rapid progress than from the original Starting point. 


de UB, «ty are the zero variables, e may 
decide on a set of cffectively positive increments (5.1) which are chosen in the light of the 
values that were encountered in the previous work. An application of (5.2) with the coeffi- 
cients O determined by (5.3) will then lead to this direction point, or possibly to some new 
boundary plane that prevents us from reaching the chosen direction point. 
decide to Stop, say, half way before this new boundary plane is reached, 


all of which one now wants to set free, on 


If so, we may 


No matter how the new initial point 


is determined, we Start from it in one of the 
ways described in § 2, When 


deciding upon optimum candidates, we will now most 


alues of the A; defined by (2.5) 


as to 
imum point, Perh 


aps the distribution 

variables that 
ro values and also p ould be equal 
to zero, If 80, We may revert to the point wh ement into the 
interior of the admissible regi from this point make a new movement 
utilizing (9.1)—(9.2 , or 2 izati Se where additional 
i r variables, 


10. A NUMERICAL EXAMPLE 

As an example we consider à problem in optimal blending of aviation gasolines, 

The problem is a small one, containir and 10 linearly independent equa- 
tions, i.e. 12 degrees of freedom. Ç i iven here in order to give a fair illus- 
tration of the amount of work j ared to that involved 
in other methods. Such a comparison can only be arge examples, The 
purpose of the present example is only to illu e principles underlying the multi- 
ho is interested may 
intermediate results 
The tableg can simply 
8. When the Work is 
ither stored on cards 
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The concrete nature of the problem is described in an article in Econometrica! and 
will not be considered here. We simply take as our starting point the equations expressed 
in basis form. They are given in Table (10.1) on page number 20. The cells of that table 
give the coefficients bj} of (1.3). All the 22 variables are subject to the condition of being 
non-negative. The problem is to maximize the linear preference function given in the 
bottom row of Table (10.1). The cells of this bottom row give the coefficients p, of (1.5). 


As a starting point in the interior of the admissible region we use in this example 
the centre of the admissible region, i.e. the point where the logarithmic potential is (approxi- 
mately) maximum. This was done simply because the example has also been handled by 
the logarithmie potential method. We could just as well have determined an initial point 
by the S(A) method or simply by guesswork. The way in which the initial point is chosen is 
irrelevant for the application of the multiplex method and will not be further discussed 
here. The initial point from which we start in the present example is given in column 0 in 
Table (10.2). 

We shall describe how the work is done in the case where we decide to work throughout 
with non-negative regression coefficients and also in the case where we work without any 
sign condition on the regression coefficients. We shall describe these two alternatives inde- 
pendently. This will lead to some repetitions in the tables, but the explanations can then 
be given in a clearer and simpler form. 

Working throughout with non-negative regression coefficients : From the initial point 
given under 0 in Table (10.2) we move in the cheapest way, i.e. by putting d; = p; and com- 
pute the other d; by (2.3). These numbers are given in the first of the columns in the column 
sector 1. The magnitudes A; defined by (2.5) are listed in the next columns with the priority 
order indicated in the small column to the right of the figures for A;. The value of the vari- 
ous A; (for negative d;) need only be computed with an accuracy sufficient to determine 
their ranking order, but Amax as defined by (2.4) is computed with great accuracy and listed 
at the bottom of the A, column. By means of this value and (2.2) the values of the variables 
in the breaking out point are computed. They are listed in the last column under 1. By 
the rule illustrated in (3.4) we shall pick the first three candidates. They are—as will be seen 
from the A; column in the column § 1—the variables numbers 21, 20, 22, taken in this order. 


We are therefore led to using (5.2) with the set a, 2 ... y made up of numbers 21, 
20,22. This means that we must solve the system (5.3)— which now consists of three 
equations. The matrix of the coefficients are given in the upper left 3x3 corner of Table 
(10:3). Since the matrix is symmetric only a triangle is filled in. Usual sum checks for this 
3x3 matrix are run and listed in a column in the right part of the table. 

The solution of this 3X3 matrix by the Gaussian algorithm is given in the triangle 
above the principal diagonal in the upper left 33 matrix in Table (10.4). The numbers listed 
below the diagonal in this 3x 3 matrix are the multipliers used in working out the solution. 
The right member as given by (5.4) is listed in its original form as the first three elements 
in the column marked 2 in the right hand part of Table (10.3), and the corresponding elimina- 
tion treated numbers are listed in the same place in Table (10.4). The result of the back 
solution in the form of Cap, Ca, Cas are listed on the line 2 in the lower left part of Table (10.4). 


1 W. W. Cooper and B. Mellon: Blending aviation Gasolines, Econometrica, April 1952. 
2 A dotailed description of the work sheet for the Gaussian algorithm in the symmetric case is given 


in Section 17 of Principles of Linear Programming. 
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d " M F "HE / 
0.1) BASIS EQUATIONS IN THE LINEAR PROGRAMMING PROBLEM FOR TH 
y il BLENDING OF AVIATION GASOLINE, 


Besta variole Nos: 
Variable | constant 


“1.939886. 0,560052 


TABLE (10.2). STEP BY STEP TABLE WH 


EN WORKING CONTINUOUSLY WITH 
NON-NEGATIVE REGRE 


SSION COEFFICIENTS. 


112,0129 123.2803! 0.9457] 356,4 7) 122.9346! 0,3942679 29341977 | 
2] 100,365! ogee 166,1955 o 166.2955] 0,9727674 506.2815 | 
3| 1072.2389] 1,0586 ius.6516|- 8,0506 84/5! 120745910] 1,651675 183.7406 
W 12642668) 0, 360092 26.7342] 0,2001] 126.9343} 0,3403059 273.8942 
5| 140.3605] 0, 886446 166,2068 ° 166.2066] 0,8396283 528.7972 
6| 170,6608] "sue 214,0735] 4.6667] 22067402) 1,4113852 020,217 
? 14,5645) 9,360002 125,0313 |- 9,5277] 236,916 224,5042] 045122555 302.5351 
9| ode) ossaus 163.2592] 269.2531] 1,0171472 EECH 
3| Send 1: "za: 12,3030] 7.9151 a.c 140505 62341333 
10| 20,514) 0,5600 20382! 2,4735 3344566! 0,154642 83.3134 
11] 2021 Gëäëue 15.8660] H 15,660] 0,208819 168.6712 
n 149546 374232 57.070 15541202] 0,876765 361,9212 
wl 24745787] = 2.741964 2394.8726] ee 2403,2785|- 340022226. 106,701 
DI 22246926) ~ apinga] ale 2144,9055|= 48668] ve Al 2140,1167] = 2,5913194 1021.0669 
35| 376903505] = 2,741984 237847 | 8| 3609, Gu 12,8307 37024751! 3,1391306 2346.8271 
16} 12054948] 2,741984 49906 | 4) 1257287 |= 641715] 18,714! 


106545572] - 0,8792224 


685.0682 
Di 354845145] 94962272 162046675] zem 166,71] 5,7990995, one 
28| 2363.8300] 27,9869 3277.3503 ° 3277-3503) 18,5043222 11168,5209 
19} 658146975) = 6,720 7 379.5 | 7| 6386.306] 528.3944 314.7350) 16.0120266! o 
20! 139.608). 3,56 à 2212  36,0606|. 35,0606 1.0/1 ° ° 
a vah o ° š 
22 


840.8068] -540,8068 
240944,2258) 


-31228 


2908.9834 
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Using these three C-values the dx are computed by (5.2) and the other d by (47). The 


result is given in the first column under column section 2 in Table (10.2). Using (4.5) we find 
that we can unhindered reach the direction point where the three variables Nos, 20, 21, 22 
are zero. The rest of the variables in this point ar obtained by puting À = 1 in (4.6). The 
result is listed in the last column under column section 2 


TABLE (10.3). MATRIX DATUM TABLE (MOMENT TABLE 


) WHEN WORKING 
CONTINUOUSLY W. 


TH NON-NEGATIVE REGRESSION COEFFICIENTS. 


Left nesters 


Sum checks for left nésbers tn sovs Noss Wight eesbersi 


2 
345649128 |- 35.0605 
67556154 

187951158 
647205070 
2.749840 106,801 
2741980 -1021,0665| 

|" 0.3600920 
2.75040 

(-2:3625920)| 


346633836 


TABLE (10.4), MATRIX SOLUTION TABLE WHEN WORKING CONTINUOUSLY WI 


TH 
NON-NEGATIVE REGRESSION COEFFICIENTS, 
laft senders: " 7 
a —KV n -.. 
28 CN 
° 10 1.30 o 
a 398.15 1,10 Eu Ë ir 
z [ PM s IMS s 
y us d ° - T.u&u o ° ° ° 
13 | 0.00358676| 0.00958671 EE) 028864944! -0,9278516 WE EAR 
14 |-0.00555023 |-0,00555023 2«72271820| 007628057 Bee E Se GE 
1 |-0.00958676| o ° | 6 0.36581028[-0.65556202 0.07898321 pre 
„35 | 0.01463242| 0,018652u2 0401163242 |- 0,04255112 |-o 1093896 0.11532215) 7 0419326008) |-o. duis 
QD 0555] o ° ° 549892403) 00626380; Sëtze y 
30 | 0.06862102| e H H Kean ee 77 Ç d ES 
A 0 La .98715683 KEE 5 10024557 
0.00555023| e ° ° D.00397216| 0,566668 -o.o£; 0.06087078 = 0.01356383] 0.476) 
3 | 0401736734) asp Dn E Tum SRE agir SS 
B 5 | 0402656750 0.05275968| 0.13660615 0.08501321| 1.255155! 2,555581371 
en, Ze]-0.06754733| gege 9423359925! 0.05242820| 1.56137306| 0.657206 2495494227) 0.552605 
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From the point thus obtained we perform a preference increasing pipi eat 
constant the three variables which have now reached zero, namely Tiens, 20, =l , 22. ec e 
this we have to use the same 3X3 matrix which we just used, but now with the right mem " 
given as the first three elements in the column marked 0 in the right hand part of Table (10.3) 
and Table (10.4). The result is listed as the three coefficients B on line 3 in the lower left part 
of Table (10.4). Since all these three regression coefficients B turn out to be pais ed. 
we proceed. The coefficients d; now to be used are listed in the first; column in column section 
3 in Table (10.2) and the À, listed in the subsequent column. The breaking out point defines 
a certain priority order of the remaining candidates. By (3.4) we shall also now pick 
three such candidates. They turn out to be numbers 19, 13, 14, taken in this order. 
We are thus led to consider the 6x6 System in the upper left corner of Table (10.3) and 
Table (10.4) with a right member which have the first four items equal to zero and the fol- 
lowing two equal to the values listed on the fifth and sixth place in the right member column 
marked 4 of Table (10.3). The corresponding elimination treated elements are listed in the 


same places in Table (10.4). The back solution yields the six coefficients C listed on line 4 in 
the lower left part of Table (10.4). Computing the d; —listed in the first column under 
column section 4 in Table (10.2)—we find that w 


€ can unhindered reach the d 
where all six variables numbers 20, 21, 22, 19, 13, 14 are Zero. 
variables in this point are listed in the last column in column sectior 


irection point 
The values of all the 
1 4 in Table (10.2). 

From the point thus obtained we want 
ment holding constant all the six variables th 
21,22, 19, 13, 14. To do this we have to us 
with the right member given as the first si 


to perform a preference increasing move- 
at have so far reached zero, namely numbers 20, 


e the same 6 x6 matrix as we just used, but now 


x elements in the column marked 0 in the right 
hand part of Tables (10.3) and (10.4). The result is listed as the six coefficients B on line 5 


in the lower left part of Table (10.4). Since all these six regression coefficients B turn out to be 


non-negative, we proceed. The breaking out point is determined through the d; built on 
these six B and through the corresponding Aj. The values of the z; in this breaking out point 
are listed in the last column in the column section 5 of Table ( 10.2). We select againt hree new 

ave to be forced down to zero. 


candidates, namely numbers 17, 1, 15, of which the last two h 
member indicated i 


This is done by a 9x9 system with the right n column 6 in the right hand 
part of Tables (10.3) and (10.4). The resulting nine C coefficients are given on line 6 in the lower 
left part of Table (10.4). Using (4.5) we find that we can unhindered reach the direction point 
where all the nine variables numbers 20, 21, 22, 19, 


all the variables in this point are listed in the last ¢ 


From the point thus obtained 
This time, however, we find that not 
the nine coefficients B listed on line 7a i 
We therefore decide that the preferen 
with all the above nine variables equal 


we attempt again a preference increasing movement, 
all the corresponding regression coeffi 


n the lower left part of Table (10.4) —are non-negative, 
ce increasing movement shall 


not be carried through 
to zero. The first candidate which came into the pic- 
ture and produced some negative numbers in the li 


flicients was the leading 
candidate in the last breaking out point, namely This variable was also the only 


cients — namely 


number 17. 


! If the work is done on desk machines and the tables actually used as work sheets, the paper is folded 
so that the right member column to be used always comes in convenient. proximity 
used, 


to the other columns 
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one of the newly added variables that got itself a negative regression coefficient. We there- 
fore decide to throw number 17 out of the set of nine zero variables and perform the 
preferenc increasing movement by keeping only the remaining eight variables equal to zero, 
namely numbers 20, 21, 22, 19, 13, 14,1, 15. 

To do this we must use an 8X8 system. It so happens that number 17 was added 
as the last row and column in the Tables (10.3) and (10.4). To carry the computations 
through without number 17 is therefore an easy matter. The result is the eight regression 
coefficients listed on line 7b in the lower left part of Table (10.4). Since all these eight 
coefficients turn out to be non-negative we proceed. 

To decide on the number of degrees of freedom to retain in the next round we note 
that in the last breaking out point— the one built on the B coefficients on line 7b—we arrived 
with 12—8 — 4 degrees of freedom. According to the square root rule we should consequently 
in the next move put 2 variables equal to zero. As it involves just as much work first to force 
one variable to zero (the leading candidate is already zero) and next to make a preference 
increasing move— as to make two separate preference increasing moves, the latter alternative 
is chosen. This leads through the moves whose column sections in Table (10.2) are designated 
7, 8 and 9 to the final attempt number 10 which produces a situation where all the d; are 
zero, see the column number 10 in Table (10.2). Since the eleven coefficients B that lead to 
gative —as will be seen from line 10 in the lower left part of i 


these zero d, are all non-neg 
Table (10.4) —we can conclude that an optimal point has been reached. 
t round are effectively positive, we know 


Since exactly eleven B coefficients in this las 
1 dimensional. This one dimensional region may be 


that the optimal region is 12—11 = 
(10.5) we have used the variable No. 6 to generate the 


generated in different ways. In Table 


TION OF THE PROBLEM OF BLENDING AVIATION 


TABLE 10.5. OPTIMAL SOLU 
WHERE 


GASOLINES. ONE DEGREE OF FREEDOM GENERATED BY to, 
xy IS LYING IN THE INTERVAL (10.6) 


| | 


| values of the variables 


in the lower and upper | 


opens * dpoints of the interval 
ent pom S O! ne interva 
term (10.6) | 
(1) | (2) 
ES e | 
j=l | 0 | | 0 | 0 | 
2 | 65.3310 | 9.047281 | 0 60.0582 
| 3 5 | —0.047281 | 3800.0000 | 3739.9418 
| 3865.3310 
| + | 0 | 0 0 ^ | 
5 2652 —1.000000 | 1270.2399 
e | 2052.0000 |" VC 000000 | 13817601 | 2652.0000 
I i ME 0 0 0 
| S | 1131.6719 | 0.713160 | 2117.0879 | 
| in | 2949.3281 | SE | 1008 9121 | 
0 | Le SÉ: 
variable 11 17.6853 0.239559 | 348.6984 | 652.9958 | 
ino. 12 1168.9103 —0.239559 | 837.8972 | 533.5998 | 
== | — 
13 . 0 0 | 0 | 0 | 
| E 9 | 0 0 | 
5 0 | 
16 113.4044 p 113.4044 | LE A 
18 2 0 | í | 0 | 
21$ ds 113 
21 f UA, deet | Ü ll 
| 22 0 0 | 0 | 0 
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optimum region. It is easy to see that when the eleven variables specified in the last move 
shall be zero, the point will be situated in the admissible region when and only when x, lies 
between the limits 


1381.76 < 2, < 2652.00 es (10.6) 


In other words we can attribute to Xs any value between the limits (10.6) and then by Table 


(10.5) compute the corresponding values of all the variables. Any such point will be situated 
in the admissible region and will produce the same value of the preference function, namely 
J = 15242.29 and in all other admissible points than those generated in this way, will the 
preference function be actually less than the value indicated. 


In the present example we did not need to use the procedure suggested in $ 9. 

In parameter form the solution (10.5) —(10.6) can be expressed by considering the two 
endpoints of the interval (10.6). In the lower endpoint, denoted (1), the variable % is zero 
and in the upper endpoint, denoted (2), the variable x, is zero. The complete list of the values 
of all the variables in these two points are given in columns (1) and (2) in Table (10.5). Any 
point on the straight line segment generated by the variation of Xy between the two limits 


considered can be expressed by introducing two non-negative parameters ¢, and b 


subject 
to the condition 


t,+t = 1. 


(10.7) 


Ifa) and 4%) are the values of th 
endpoints of the segment, ie. the 
Table (10.5), 


e variable x, (j = 1, Bug 
values read off in columns (1) an 
any point on the optimal Segment can be expressed in the 


+ N--M) in the two 
d (2) respectively in 
form 


m= PHP (j= 1,21. ntm) (10.8) 


That is to say if we choose any two non-negative numbers i and t, satisfying (10.7) and insert 
them in (10.8) we get a point on the optimal segment. 


Conversely any point on the optimal 
segment can be expressed in the form (10.8) where t, and t> are two Don-negative numbers 
satisfying (10.7). i 
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TABLE (10.9). 


SIGN CONDITIONS ON 


TE 


n 


— 
5 


L| «l5 crc 
yea] o ° n € | ° 
zl 63u.9512|- 0.559116 | 122.5 | 3.6957 -0,00%29965|860.0 |*| 102210 
2| 305.0888] 0.559226 37964304) | 0.00429978 | 3738.2378 | 0 
ul 750.025 |- aëigel 1559.2 fa | 155-2949 Foshoiééolkss.s [21 0 ° 
s| 912.7674] 0.156353 1104 ,9604 | 0, 28007680 2232,5525 | 0 
éj 990.2081) 0.324779 1321,73] | 0.06080173 1429.4475 | 0 
z| ¥78.3624]- 0.306805 | nah | 99-049 |-0.21736549)455.6 [2] e ° 
B| 1903,6740] 0.100091 2027,6207 | 0.255292 214.9647 | © 
g| 1698.7636] 0.206715 1954.3324 |-0.03796329 399740383] 0 
aol si,ykoo|- 0.026524] 155942 |5 8.5596 |-0.02676633] 45546 | 3 ° ° 
n| ua9,3160|- 0.069408] 6185.8 f6 | 349-5047 0,03121257 357.7260| © 
12] 7159396| 0.035922 | 89445329 |-0,012«2615| L 620.8596 | © 

ai o ° I ° r ° CH a qv] 
mo o o o o Jo 
x o ° ° 90 o fo 
16| 123.4048] o PS o in| o 
y ° ° ° ° o jo 
6 |12979.1082}~10.499267] 123663) 2 D ° ° fo 
wl ° ° ° ° ° fo 
æ| o ° ° ° ° [o 
° ° ° ° ° jo 
° ° ° ° ° jo 

JE 
[24006 1082 | «10493267 11532.0000] ° zan 
113677 «8885 15093.3550 15242 ,2878) 
Aux 


TABLE (10.10). 


MATRIX DATUM TABLE 


1296,33632 


SIGN CONDITIONS ON TH. 


4556259 


(MOMENT TABLE) WHEN 
E REGRESSION COEFFICIENTS. 


Sus ehesks for left socbers in 


nove Now| 


124,55 | 


339.25 


196.19 


198.15 


534.57 


- 1.72 - 1673] 


72.84) 69.94] 69.34 


8.30 
15.30] 15.50) 


17-30 


353-10) 


KA -19.16|-29.16| 6.756154 © 


226.20/226.20/226.20| 6.7205070| 


25.20) 42.70] -41.70|-42.70| 2.709840, 


270.50|273.90|267.90|~ 9.3623920| 


353.10 


- 2.82] 345649108] ~ 36.0606 


69.54) 69.94] 187651159 -840. EI 
730] 7.30| 2.710980] 
15.90| 15.90] ~ 0.360920) 


170] 16.30] 2.79890 


[353.10 |-27.9860490| 


STEP BY STEP TABLE WHEN WORKING WITHOUT 
THE REGRESSION COEFFICIENTS. 


WORKING WITHOUT 


-1106,7801 9 
L1021.0665| © 


Lem 


-716.1861 


1.90) 


897-77 


= 
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TABLE (10.1. MATRIX SOLUTION TABLE WHEN WORKING WITHOUT SIGN 
CONDITIONS ON THE REGRESSION COEFFICIENTS. 


= left scene: " 
s20 a 2 y Y m 1 15 7 a D 
isi ° ° - 1.30 1.10 1,30 E 2.90 "tas | H | -1,10 2,90 
|. LETS cu 1.10 ° - 2,50 D 2213.65 ° ° 
ad o PA 5 z 1.10 ° - 2.90 ° ° ° ° 
d e ° 7.612810] ° |11,17753166 ° ° ° ° 
1)| 0.00950€76| 0.00958676| 0.00958¢76 0.033513 7098178516} 0.29038736| -15.67913715] -18, 54821127 0,02780160 
14] -0.00555023 | -6.00555023 |-0.00555025| -0.02956434| 0. 10820803 | 0.09628067|-0.31398937|- 0.17054564| 1420400097! -0,01912070 
1 -0.00358676 ° ° ° 0.3698:088| 9.51527615| 0.14630205| 10.02501712|- 6.90244 268| -0.01684329 
25] 0.00863242) Reine | 0.136522 -o.ok299512 -o.10930268| 0.13532219|-0,23778269| 21893600] 2.t0707525| i.t20977) 952] -0.95850719 
17] 049995503 H ° ° 5.989210) 0,06253505|45,25552559|-1.05951955| 6.&1625623|- 3453399800 | 1.25523572| -1. gengen 
E: D 1.07800535 ° ° 6498715663 -0.'4220814) 11.21898 | -2.0%550035| 0.51030267|131.95669050| 176312221] 1.12451007 
TM c.00555023| e ° ° ee ~0.06785703] 0.06037078) del GH 9.3700c6| 0.2361718 
E 3| 9.01738734| 0.03:7571 | 007560071 r2 
As 5| 0.02556750 | 0.05295965| 0.13560615 | 9.05501321| 1-251137 


move | 11]-0.06754733| 0,07043042| 0.13359925| o.0522620| 1258137988] 6.33160175| 0.058355; 

won, | 100225732] 021626177 Eri Sd Red Lë "se Pete a], sae | 
id 13| -0.21596752| 0.1! CAL 0.06722218| 2.281: 9. EX 2| 1.05268608|- O-21981660| 0.06722:15| 6,3:039/3T 

Coda "E 70.181950 ° Ex - S E 

son | Sp -2.615979| -1.815372| -3.671656f -2.9528%2|-380,930%73 

No. 5| 291.10811] -6.517857|  6.613869| 24.078337] >7.026056| SE 253551957] 

D TH] 0.39370085|— c ° ° ° ° Een 9.356955 

y 15] ears eG samasaa aaa 9-658500] 


167036707] 1 052520877777, 


TABLE (10.11). Continued. 


Sum checks for left membors in move No»: 


f e m ; | 
i i= Mio S 

197.39 - 1.71 - 1.71 - 2,81 0,09 3.56491080|- 36,0606 

197,39 194,49 -19.16 -19.16 -19.16 8.79561540 

72,84 69.94 69.94 69,94 69.94 14,785 11540 | -840.8068 


258,97537730 |270,15250856|270.15290856 |270, 15250896 
2.94345730 |-13,64707762 32419528890 |-32,20583433 
2.72271404| 2,3345969| 3,538u6066 2.54571334 
1078659495) 368413226 3692588312 
Mäzen) 9.093095 9,2699858 U.31117822| 2.06080713 
6481823560] 3428434770) 4452758233 2..86668382|~0.59206893, 
131495667757 |133.71979994 134.84431001| 1049318537 

0.37031837| 0,60650555 034083860 


270 415290896 | 16 01202589 
-32.17803273| 3453768715 
2452659264) 173268546 
3490903983} 0.85284213 


1769 695876 


Working without any sign conditions on the regression coefficients: We will then show 
how the solution of the problem (10.1) can be obtained by working without any sign 
condition on the regression coefficients until we reach the last stage. 

From the point listed in the last column in the column section 6 in Table (10.2) we now 


proceed, regardless of the fact that not all the nine regression coefficients on line 7a in the 
lower left part of Table (10.4) are non-negaive. That is, y 


ve make a preference increasing move- 
ment with the nine variables 20,21, 22, 19, 13, 14, 17, 1, 15 equal to zero 
ing computations are given in the column section 11 o 
out point where the x; have the values listed i i : 

i he column section 11. 
According to the standard rule—see line t — 4 of daa 


r ; shallnow picktwo optimum 
candidates. As before we pick instead only one since the total work involved will Sg be any 
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larger than by picking two. This leads through the move number 12—see Table (10.9), 
(10.10) and (10.11)—to the final attempt No. 13 where the eleven variables 


numbers 20, 21, 22, 19, 13, 14, 17, 1, 15, 18, 4 ss (10.12) 


are zero and all the d; are zero. 


From the solution obtained by the first method we know that the point we have now 
reached—and listed in the last column in the column section 12 in Table (10.9)— is actually 
an optimum point, but by the method now followed we have not yet got a sufficient criterion 
for the optimality of the point reached because not all the eleven coefficients on the line 


13 of Table (10.11) are non-negative. These coefficients are now the B of (7.9). 


asoning as in the first method that number 17 is a 


Looking back we see by the same re 
—compare (7.9) 


black sheep. In the expression for the preference function now obtained 
ber 17 in term of eleven other variables, namely the ten 


— we therefore wish to express num 
(10.12) when No. 17 is taken out and another variable 


variables that are left in the set 
added so as to retain the total number eleven. 


As such a variable to be added we pick the neat candidate in the priority order in 
7. In other words we wish to 


the last breaking out point, namely the variable number 7. 
express number 17 in terms of the 11 variables 


numbers 20, 21, 22, 19, 13, 14, 1, 15, 18, 4, 7. (10.13) 


To do this we must consider the equation between the corresponding twelve boundary vectors, 
namely the boundary vector for No. 17 and those in (10.13) or — which is the same — the 
7 and those in (10.12). Compare (7.10) where now < = 7. This 
11x11 system and with a right member consisting of the 
vector No. 7. See (7.11) and (7.12) 
fficients listed on line 14 in the lower 


boundary vector for No. 
is done by the previously used 
moments defined through the newly added boundary 
with x = 7. Doing this we find the set of twelve D coe 
left part of Table (10.11). Using these coefficients to express the variable No. 17 in terms of 
those indicated in (10.13) — compare (7.13)—and inserting this expression for No. 17 in the 
expression for the preference function—compare (7.9)—we get the set of eleven B coefficients 
listed on line 15 in the lower part of Table (10.11). Since all these are non-negative we know 
that an optimum point has been reached. We also see that the optimum region is one di- 
mensional and can be expressed in any of the two forms indicated in (10.5)—(10.8). 
This example shows that we will as a rule actually reach an optimum point quicker 
by going ahead without paying any attention to the sign of the regression coefficients, Pe 
the end if we are absolutely set on getting 


in return we have to make a transformation at 
ful transformation is found so immediately as 


When a success 
bly pay to go ahead regardless of the signs of the B-coefficients, 
f freedom in the optimum region is to be 


where a high degree © 
timality criterion, it may be safest to work with 


a sure optimality criterion. 

in this example, it will proba’ 
but in more complicated cases 
re are set on getting an op 


expected and w 
non-negative regression coefficients throughout. 
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11. ILLUSTRATION OF THE REVERSAL TECHNIQUE 


In the example described in $ 10 of the present paper we did not need to use 
the technique developed in $ 9. The numerical material in the example can nevertheless 
be used to illustrate how the formulae of $ 9 work. 


Consider for instance the point listed in the last column of column $ 6 of Table (10.2) 
Here the following nine variables 


20, 21, 22, 19, 13, 14, 1, 15,17 (11.1) 


are zero. 


The moment matrix for the boundary vectors of these v 
nine rows and columns of Table (10.3), and the corres 
by the first nine rows and columns of Table (10.4). 


ariables are given in the first 
ponding matrix solution table is given 


The set (11.1) we now consider as the set a = a, Pew 


- y within which the formulae 
(9.1) and 9.2) are to be applied. We let the set 0 .. 


- 9 be the set of the three variables 
1, 15, 17. (11.2) 


To determine the nine numbers C, (S =a, f ... y), we use (5.3) with all the Aa, equal 
to zero except Az, for s = 13 and s = 14, these two Aa, being put equal to minus the values 
which the variables Nos. 13 and 14 had in the point from which we started when we wanted 


to force Nos. 13 and 14 down to zero. This is the point listed in the last column of column 
section 3 in Table (10.2). In other words we put 


Aa; = —1106.7801 
Ana = —1021.0669. 


To compute the numbers C; under these conditions is 
rows and columns of Table (10.4) 
in Table (11.4). 


(11.3) 


an easy matter because the first nine 
have been computed. The result is given on the first line 


TABLE (11.4. ILLUSTRATION OF THE USE OF THE TECHNIQUE OF SECTION 9, 


8320 n 22 3 3 N 


1 15 Y 

E re] < 
a -105.63766 “1995616 7124665797 | 174072793 | -631.283421 73514543053 901,027403 147.972076 -935.113408 
2 “26835626 | 0.055045 | 0.01151729 | -o.oshotz50 | 0.513664 “1.26323507 | 39.38586322 | ege | -2.352552%0 

a D COMTMGUA | 0.005053. | -0,0102192 | -0,6280700 ~0-11051708 | -0.02512556 |  2,40047u00 0.60300212 | ~0, 15612691 
Cad O+16661973 | -2.00253122 | o.o66553| 0,00509160 | 0.01732396 9.07437287 | -2.35255233 | -015612690 | o.auceguzo 
A 71.515535 71.815971 “2.671672 72.552052 | -380.934230 -330.707728 ° ° D 
sx teres cowucn| 03720968]  onssocs | 27550 9650034 | -11.86010261 | 12581095 0.36725465 
D 9.026673) | 0.05235965 | 0.13650623 406501532 | 1,263M1130 | o,63638162 ° o ° 


Similarly to determine Cl w 
Further CP is determined by ( 
OF, 


e use (5.3) but now with all the Az, 
5.3) with all the Az, — 0 except An, = 
The result is given on the lines Nos. 2,3, 4 in Table (11.4). 


Next the system (9.1)—which is now of order 3 


Aw, = 377.484406, — Az, = —77.206269, 


= 0 except Av = J, 
l, and similarly for 


—is solved, giving 


Az; = 6685.195685. (11.5) 
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By (9.2) this gives the values C listed on line 5 in Table (11.4). These values are—apart 
from rounding errors in the last decimal places —identical with the values C listed on the 
next to last line in Table (10.4). 


We can also illustrate the method (9.7)—(9.11). The solutions 41, 45, 417 of (9.8) 
are identical with the solutions C}, C5, CP listed on lines Nos. 2, 3. 4 of Table (11.4). Hence 
the matrix of the system (9.10) —ñow of order 3—is the same as the one we just used to get 
(11.5), but B, in (9.10) is not the same as C; in (9.2). B, is obtained by putting all the Az, 
in (9.8) equal to zero except Ax, = Mor for r = 0... 3. The result is given on the next to 
last line in Table (11.4). By (9.10) this gives 


Aa, = —1.21293526 Aa; = 0.47838524 Axı, = —24.85991535. (11.6) 


Finally by (9.9) we get the values of 4 listed on the last line of Table (11.4). These values 
are—apart from rounding errors in the last decimal places—identical with the values B on 
the line marked 5 in Table (10.4). 


12. THE REGRESSIONALLY TRANSFORMED PROBLEM 


Once the equations have been brought over into any basis form, the number of equa” 
tions does not have a very great influence on the amount of work involved in the multiplex 
method, It is primarily a large number of degrees of freedom that will entail a heavy 
computational cost. In many practical problems, not least in macroeconomic planning, the 
number of degree of freedom, although great from the viewpoint of desk machine computa- 
tion, will be moderate from the viewpoint of automatic computors, while the number of equa- 
tions may be extremely large. Furthermore the situation will often be such that the way 
in which the equations can be brought over into some basis form will follow without too much 
difficulties from the already established theory and practice of the concrete problem at 
hand. For instance, there may be a certain number of parameters of action or steering para- 
meters, which will determine the constellation of the system and the way these steering para- 
meters—to a linear approximation—determine a multitude of variables describing the system, 
may be known. To such cases the multiplex method is well adapted. Even if some basis 
already available, it may be reached through a hierarchic 
Very seldom will all the variables 

D 


form of the original equations is not 
order of partioning of the equations or similar devices. 


occur in all the equations. 
In the opposite case, i.e. when the number of degrees of freedom is very large and 


the number of equations moderate, we can transform the problem into a linear programming 
problem where the number which was originally the number of degrees of freedom now appears 


as the number of equations and vice versa. 
In essence this is the same as to pass to what is generally called the dual problem. 


When looked upon from the viewpoint of (4.2) and (7.1) where the B, are regression coefficients, 


we may speak of the regressionally transformed problem. 
To formulate this problem we first note that in the original problem we can, if we 


want to, define the preference function in the form 


Ta Bel Fe | … 024) 
Jal 
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A iti iv. " f] £ ` 
where the P are any set of (n-+m--1) given weights, positive, negative or zero. The passage 
from this form to (1.5) is obvious, when the equations are given in a basis form. 


This being so, consider the following problem. Let B (j = 1,2,..., n+m) be a set 
of n+m magnitudes subject to the conditions of : (1) being non-negative, and (2) satisfying 
the n equations 


pel E Bb, =0 (b= u,v... w) … (122) 
el 


where the p; and b;, are the coefficients in the original problem. Compare (1.3) and (1.5). 
To determine that or those sets of values of the magnitudes B; which satisfy these two sets 
of conditions and maximize the linear function 


nim 


F = È Bbo … (12.3) 
31 
where the bjo (j = 1, 2, ..., n--m) are the constant terms—positive, negative or zero—in the 


basis form of the equations, i.e. in (1.3). 


This obviously is a well defined linear programming problem where the number 


of variables is the same as in the original problem, namely (n-+m), but the number of equations 
is now n and the number of degrees of freedom is now m. 


We know that the problem now formulated has at least one solution where at least 
m of the B; are zero, hence at most of them different from zero (and then necessarily posi- 
tive). Inserting these in (4.2) we find that all the n d; are zero, hence the original preference 


function f can be written in the form (7.1) with all the B, non-negative. We therefore have 
à solution of the original problem. 


Thus, a large number of equations need not worry us, 


provided we can in some way 
without prohibitive work bring the equations over into any basis form, nor need a large 
number of degrees of freedom do so, if in the regressionally transformed problem w 


e can 
in some way bring the equations over into any basic form. 


13. SOLVING LINEAR EQUATIONS AND INVERTING MATRICES 
WHEN HIGH SPEED MEMORY IS LIMITED 


The following are explicit formulae that can be used in the case wi 
of the automatic machinery is not large enough to handle the whole problem in one stroke. 
The essence of this method is that one proceeds step by Step as one would with a desk machine 
and a work sheet, eliminating, however, not one single variable at each step, 


as many variables at a time as is determined by the order of an inverse whi 
can handle directly in one stroke. 


here the capacity 


but eliminating 
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THE MULTIPLEX METHOD FOR LINEAR PROGRAMMING 


Let 


nm 
tiot ZS ait; = 0 (i = 1,2, ...,m) … IBT) 


be m linearly independent equations connecting the nm variables 2 de: ---> Xy 5 the a 
being given constants. 

We pick a set of v variables (v < m) . let it be Nos. a... Y, and also pick a set of v 
equations, let it be Nos. a’ … y”, and use these equations to express the r variables in terms 


of the other n+m—v variables. 
ar, vce gl El. Aa ZE 
mo and its inverse | . A .. (13.2) 


In terms of this mverse, We have 


To do this we consider the matrix 


a, = OO) + > Ba, (= =... 7) (13.3) 
jek, 2..Ja. (REM 
r=% ...Y 

where W= Y REIS ve 118%) 

k regen j=0, 1...) ... y mm 
Inserting (12.6) in all the equations (12.4) except the equations Nos. ai y, we get 
ay +. > aPa=0 (¿= 1,92...)a ... 220 (13.5) 

j=1,2..)a.. C. nim 
Dex, 9 .. Jae ay esi 

her Mean E db . «= (130) 

wD Up A Ze fl ...)w ... y mn 


(a < m—v), let it be Nos. 
), let it be Nos. 6’... 6’. None of the variables Nos. 
š : H , > ^ + 
0 ... 8 occur in the set 2 «++ 7; and none of the equations Nos. 6’ ... 6” occur in the ael e sse e 
Through the equations Nos. 0” ... 6 in (13.5) we express the variables Nos. 0 ... ó in terms © 


the other n+m—v—/t variables. To do this we consider the matrix 


We next pick à new set of variables, now / M number, 


0... 8, and also pick H equations in (13.5 


-10) ag 

m a® a)... a 
aye cc A and its inverse (se ne À * a. (187) 

"ad es 4v agit. ai 

In terms of this inverse We have 
(2) ya; (r= 9 ò) (13.8) 
a, =b Pa 2, Aa, 7 8. DC P 
i r= 6 Š ) (39) 
Ss ana? 
p go pao. BI à RK j=01 Jot vv Ys Ooo 8 (...n+m) 
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Inserting (13.8) in the right member of (12.6) we get 


dE be) + = b® x, 


j tj (r=4...y) . (13.10) 
j=l, 2..)e..7,0..6(..n+m 
f =... y 
where LM =D x MI AG) ve (13.11) 
m j= 0,1...)o...7,0...8(...n-Lim 


Through (13.10) and (13.8 


) the v+ variables Nos. < soe Py 
of the remaining n+m—v—p 


+. À are expressed in terms 
variables. 


In this way we can conti 


nue until we are left with on] 
The equations are then broug! 


y n variables in the right member. 
ht over into a basis form. 


À possibility that might be considered is to express all the v 
other set of n parameters tis ty... ty. The whole programming theory 


ariables linearly in some 
in this way. Practical experience will decide if any such tr; 


could easily be expressed 
ansformation will pay. 


Paper received : October, 1955, 
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SOLDIERS WITH UNUSUALLY LOW BLOOD PRESSURE 


By N. T. MATHEW 
Army Headquarters, India 


During the course of an anthropometric survey conducted by the Army Statistical 
Organisation in 1952, measurements of blood pressure were recorded along with other physical 
characteristics on a fairly large number of soldiers. When the data was being processed, 
a number of remarkably low diastolic blood pressures were discovered. These records were 
naturally viewed with suspicion. To find out whether these were due to errors of observation, 
it was decided to carry out a reliable check of the measurements. It was not practicable 
to trace all the subjects for whom low pressures were recorded as they were spread about 
all over India and had undergone many transfers during the three years that had elapsed. 
The resurvey was therefore restricted to personnel still available in units located near about 
Delhi. 

In all twentyseven soldiers were made available for the resurvey. Measurements 
were taken on 27 October, 1955, 28 October, 1955 and 1 November, 1955 by Maj. 
R. Š. Hoon, AMC, a specialist deputed for this purpose and also by Capt. D. N. 
Bhattacharya, AMC, who made the original measurements. 


The technique of measurement was the standard one using a sphygmomanometer. Capt. 
Bhattacharya used for his original measurements in 1952 an instrument called “Erkameter”. 
This same instrument was used for the 1955 measurements also. Just prior to the resurvey 
this instrument was tested against two others called “Britometer” and “Baumanometer”’. 
The test measurements were made on the left arm of a medical officer. The subject was in 
sitting position with his arm extended across a table on which the instrument was placed. 
Capt. D. N. Bhattacharya and Capt. S. K. Dhawan took measurements using the three ins- 
truments in turn. While the experiment was about to start one of the medical men suggested 
that to be quite correct the base of the manometer should be at the level of the subject's heart, 
and not on the table which was about 8” below this level. It was decided to test this theory 
also, So measurements were taken at two levels by each observer using each instrument. 
The measurements in the order in which they were obtained are given in Table 1. The 
physical particulars of the subject are: age 38 years, height 69”, weight 168 Ibs. 

TABLE 1. BLOOD PRESSURE MEASUREMENTS TAKEN 
AT 26 GENERAL HOSPITAL ON 27 OCTOBER 1955 
SA AA 


systolic diastolic 


timo observer instrument level pressure pressure 
1 e 2 y 3 4 5 6 
0902 1 A low 122 84 
0907 1 B low 116 80 
0910 1 ae low 114 80 
0918 2 A low 110 80 
0921 2 A high 118 86 
0922 I A high 118 80 
0926 2 B low 110 82 
0930 2 B high 114 84 
0932 1 B high 112 80 
0935 2 c low 110 80 
0937 2 c high 110 84 
0939 1 c high 112 so 


263 


Vou. 18 ] SANKHYA : THE INDIAN JOURNAL OF STATISTICS [Parts 3 & 4 


The figures in Table 1 show incidentally that even within a period of half an hour the readings 
can vary from 80 to 86 for diastolic pressure and 110 to 
sons between observers, between instruments and betwe 
are presented in Table 2. 


122 for systolic pressure. Compari- 
en levels based upon the above data 


TABLE 2. SHOWING SIGNIFICANCE OF DIFFERENCES IN 
MEAN BLOOD PRESSURES 


systolic diastolic 
comparisons n pressure pressure 
(mm) (mm) 
(1) (2) (3) (4) 
observers 
1. Bhattacharya 6 115.7 80.7 
2. Dhawan 6 112.0 82.7 
F test of difforonco — ‘not significant significant at 5% 
instruments 
A Erkameter 4 117.0 82.5 
B Britometor 4 113.0 81.5 
C Baumanometer 4 111.5 81.0 


F test of differences not significant not Significant, 


levels 
high 6 114.0 82.3 
low 6 113.7 81.0 


F test of differenco 


not significant not significant, 


` significance. In di 


at the 195 level) 
the two means is 


difference between Observers ( 
5% level. However, the actu 
Which is of little consequence 


astolic pressure the 
is significant at the 


al difference between only 2 millimeters 


We now pass on to the Measuren 
ner 
on subjects who had unusually low blood Pressure. All these measurements > 
the ‘Erkameter’ which we h 


in every measurement. Me 


The Sitting 
of each subject by Hoonas w 


Posture was ado ted 
oth the right a e 


rm and the left arm 
The room tem 


perature at | 109 
°F at 0920 hrs. and 


74?F at 1115 
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Table 4. The average age is 27,9 years, height 67.2 
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Comparison of the average values of ineasurements obtained in 1955 are given in 
” and weight 127,0 Ibs. 
TABLE 4, TESTS OF SIGNIFICANCE OF DIFFERENCES IN BLOOD 

PRESSURE READINGS 


ys 
comparisons means H significance 
(1) (2) (3) (4) (5) 
(a) between observers, 1955 
1. right arm, S.P. 91.5 90.7 0.98 


w 


right arm, D.P. 59,9 5 


- left arm, S.P. 


3 
4. left arm, D. P. 


(b) between right and left arm 
1. Hoon; S.P.; 1955 


91.5 89.2 zo sig. 
2, Bhattacharya; S.P.; 1955 90.7 87.9 3.45 very sig, 
3. Hoon; D.P.; 1955 59.9 58.0 1.75 — 
4, Bhattacharya; D.P.: 1955 58.9 58.3 0.49 


5. Bhattacharya; S.P.; 1952 


vory sig. 
6. Bhattacharya; D.P.; 1952 


tw 
e 
e 


(e) between 1952 readings of Bhattacharya and 
1. Hoon; S.P.; 1955; right arm 


2, Bhattacharya; S.P.; 1955; right arm 90.7 


9397 = 73 — 
3. Hoon; D.P.; 1955; right arm 59.9 50.9 very sig, 
4, Bhattacharya; D.P.; 1955; right arm 58.9 50.9 3.48 Very sis, 
5. Hoon; 8.P.; 1955; loft arm 89.2 88.9 0.14 — 
6. Bhattacharya: S.P.; 1955; left arm 87.9 88.9 —0.65 mak 
7. Hoon; D.P.; 1955; left arm 58.0 48.1 very sig, 
8. Bhattacharya; D.P.: 1955; left arm 58.3 48.1 very sig. 


> different com. 


sions emerge from Table 4, 
(a) There is no Significant di 
and those made by Bhattach 


arya on the same Subjects, We may, therefore, accept 
the results of the 1952 survey carried out by Bhattacharya as free from any signi- 
ficant error of measurements, 


(b) The averages for the ri 
averages for the left arm, though the difference is 
In a personal discussion with Lt. Col. G. C, T. 
this result, they pointed out that the difference to readings on the right 
hand being taken first. It is well known that the initi 


f blood Pressure due 


leen. Cu 


^ 


SOLDIERS WITH UNUSUALLY LOW BLOOD PRESSURE 


to the nervousness caused by the measuring operation subsides with time, and hence 
the above is quite a plausible explanation for the results observed. Toni Table 3 
it can be seen that the observation on the right arm preceded that on the left arm 
on most subjects. It is not possible, therefore, to separate the effect of the initial 
nervousness from the real difference, if any, between right and left arms. However, 
it happened that on serial numbers 4, 17, 18, 19 and 20, readings were taken on SES 
left arm before readings on the right arm. These readings are reproduced in 
Table 5. 

TABLE 5. BLOOD PRESSURE READINGS ON THE LEFT 

ARMS BEFORE THE READINGS ON THE RIGHT ARMS 


E 
sl. no. rightarm left arm difference 


a) @) (3) (4) 

Bhattacharya 
4 90 86 4 
17 86 84 2 
Is 90 86 4 
19 98 96 2 
20 100 98 2 

Hoon 

17 88 90 -3 
1s 86 88 -2 
19 98 98 0 
20 102 105 -3 


From Table 5 it will be seen that the measurements obtained by Bhattacharya show 
higher readings on the right arm, even when taken after the readings on the left arm. 
The measurements taken by Hoon, however, show the opposite tendency. Taken 
as a whole, these nine differences are not statistically significant. It is possible, there- 
fore, that the differences we have observed between right arm and left arm are entirely 
due to the order of measurement. The point is worth further investigation in view 
of the consistency of the differences in the five pairs of measurements by Bhatta- 
charya. 

e readings obtained in 1955 and those obtained 
a indicate the possibility of a real increase of the 
55 readings of diastolic pressure 
than the corresponding 


(c) The comparisons between th 
three years earlier by Bhattachary 
e in the subjects measured. The 19 


diastolic pressut J 
as by Bhattacharya are significantly higher 


by Hoon as well 
1952 readings. 


all these to conclude that the low blood pressures observed 


It appears reasonable from $ ; à 
normal aetive men in the army with 


in 1952 by Bhattacharya really indicate the existence of l 
blood pressure much lower than what is usually regarded as normal. In Table 6 we give 


the distribution of the 1952 readings of systolic pressure and in Table 7 the corresponding 
figures for diastolic pressure as recorded by Bhattacharya. e detailed analysis of this data 
in relation to age,‘ height, weight, community, province of origin etc., is in progress, and a 
Separate publication on the results will follow. 
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From Table 6 it will be seen that systolic pressure varies among different HEISER Wm 
75 mm to over 180 mm. However, if we leave out the small frequencies the range from 75 š 
to 134 mm includes well over 99% of all the cases. Similarly from Table 7 it can be seen 
that the range from 40 to 84 mm will cover 99% of all the diastolic pressures. 


TABLE 6. DISTRIBUTION OF SYSTOLIC BLOOD PRESSURE OF SOLDIERS OF THE | 
INDIAN ARMY (BHATTACHARYA 1952) | 

— —n < . 
right arm s left arm | 


pressure in frequency percentage cumulative frequency percentage cumulativo 

mm of total percentage of total percentage f 
a) (2) (3) (4) 6) (6) (7) ' 
75— 84 67 2.5 2.5 83 - 3.4 3.4 

85- 94 423 16.4 18.9 448 19.1 

95-104 861 33.0 51.9 779 33.4 

105-114 778 30.0 81.9 663 28.4 84.3 
115-124 353 13.8 95.7 284 12.0 96.3 
125-134 93 3.5 99.2 14 3.2 99.5 
135-144 18 Y 99.9 S 3 99.8 
145-154 3 DI 100.0 4 2 100.0 
155-164 1 -0 100.0 E = 100.0 
165-174 = = 100.0 1 0 100.0 
175-185 1 .0 100.0 1 0 100.0 
total 2598 100.0 100.0 2344 100.0 100.0 


TABLE 7. DISTRIBUTION OF DIASTOLIC BLOOD PRESSURE OF 


INDIAN ARMY (BHATTACHARYA 1952) 
—_— T— D . . 


right arm 


SOLDIERS OF THE 


left arm 
pressure in frequency percentage cumulative frequency percentage cumulative 
mm of total percentage of total percentage 
(1) (2) (3) (4) (5) (6) (7) i 
30- 34 8 3 3 q .3 3 
35- 44 404 15.4 15.7 422 18.1 18.4 
45- 54 937 35.8 51.5 877 37.6 56.0 w 
55- 64 764 29.1 80.6 663 28.3 84.3 
65- 74 392 16.0 96.6 310 13.1 97.4 
75- 84 77 2.9 99.5 57 2.3 99.7 
85- 94 13 5 _100.0 7 .3 100.0 
95-104 1 0 100.0 1 .0 100.0 
Die 2596 100.0 100.0 2344 100.0 100.0 


SOLDIERS WITH UNUSUALLY LOW BLOOD PRESSURE 


| The percentage distributions of the systolic and diastolic pressures given respectively in 
column 3 of Table 6 and column 3 of Table 7 are represented graphically in Charts land 2. 


Chart 1. Distribution of systolie pressure of soldiers of the Indian Army 1952 
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Means and standard deviations of these measurements are given in Table 8. 


TABLE 8. MEANS AND STANDARD DEVIATIONS OF 
BLOOD PRESSURE OF SOLDIERS OF THE INDIAN 
ARMY MEASURED IN 1952 


— 


standard 
characteristic N mean (mm) deviation 
(mm) 
(1) (2) (3) (4) 
right arm S.P. 2598 106.0 11.6 
left arm S.P. 2340 104.5 11.6 
right arm D.P. 2596 57.0 11,6 
left arm D.P. 2340 55.9 


10.3 


The above averages will be regarded as low by the standards (if there be 
being used in practice. The lowness is due to the inclusion of 
low values both in systolic and in diastolic pressures. 


Iam thankful to Capt. D. N. Bhattacharya and Lt. Col. R. 8. Hoon for their work 
in collecting the data used above, and to a number of other officers of the AMC for advice, 
Particular mention must be made of Maj. M. G. Sanyal who went through the manuscript. 


any) that are now 
a large proportion of unusually 


Paper received ; April, 1957. 
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UNBIASSED MINIMUM VARIANCE ESTIMATION IN A 
CLASS OF DISCRETE DISTRIBUTIONS 


By JOGABRATA ROY and SUJIT KUMAR MITRA 
Indian Statistical Institute, Calcutta 


The problem of estimation of parameters involved in discrete distributions like the 
Binomial, Poisson and Negative Binomial and their truncated forms have been considered 
by various authors. Most of them, e.g., Fisher (1936, 1941), Haldane (1941), Finney (1949, 
1955) David and Johnson (1952) discuss computational aspects of estimation by maximum 
likelihood while a few others e.g., Plackett (1953), Moore (1952, 1954), Rider (1953, 1955) 
give other simpler but inefficient methods of estimation which at times lead to unbiassed 


estimates. 

In this paper, for a wide class of discrete distributions involving one unknown para- 
meter the uniformly minimum variance unbiassed (UMVU) estimate of the parameter is 
derived and the UMVU estimate of its variance is also obtained. Tt is shown that results for 
distributions truncated at zero can be obtained from those for the complete disbribution by 
a difference operation. The negative binomial and the Poisson distributions are treated as 


special cases. Tables of the UMVU estimate are given for the Poisson distribution truncated 


at zero, for sample size upto ten. 

1. UMVU ESTIMATES IN A CLASS OF DISCRETE DISTRIBUTIONS 
following discrete probability distribution defined by Noak (1950). 
(1.1) 


Consider the f 
prob {X = a} = a(x)07/f(0), x = 0, 1, 2, ..., 


where f > 0 is an unknown parameter, a(x) > 0 does not involve 0 and 


a(x)0". (1.2) 


T-0 


JO) 


Il 


Without loss of generality, we shall assume a(0) = 1. The Poisson, Negative Binomial and 


Logarithmic series distributions occur as special cases of the above. 
variance unbiassed (UMVU) estimate for 0 on the basis 


To derive uniformly minimum 
(1.1) we require the 


of a random sample X;(i = 1, 2; - .. n) of size n from the distribution 


lemmas stated below without een? 
Lemma l.l: If t, (a) is defined as 


Lis 0 for > < r 
e — (1.3) 


then Eft,(X)} = 0". 


Lemma 12: T= x X; is a complete sufficient statistic for 0 in the sense of Lehmann 
SÉ i=1 


and Scheffé (1950). 
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Lemma 13: The probability distribution of T is given by 
prob (T = t) = C(t, n) /f(0)", t — 0, 1, 2, ..., ss (1,4) 


where C(t, n) is the coefficient of 0! in the expansion of {f(0)}" 


and it may be expressed alternatively 
as 


n 
C(t, n) = X II a(z;), 
tel 
Y denoting summation over non-negative inte 


tittat.. Fy, = t. 
Defining for any positive integer r, 


gral values of Cis Cos An subject to 


ut) = 0 fort<r 
C(t—r, n) «s WI) 
= Olt, n) fort >r 


and noting that the probability 


distribution of 7 is of the same form 
Lemma 1.1 that 


as (1.1) it follows from 


Efu,(T)} = 0. 


(1.6) 
Incidentally we may note that u,(t) =T w(t—i). (1.7) 
i=0 ` 
From (1.6) and the completeness of the sufficient Statistic T it follows from Rao-Blackwell 
Theorem (Blackwell, 1947 and Rao, 1945) that: u, (T) is the UMVU estimate of 6", The 
variance of u,(T'), the UMVU estimate of 0 is given by 
Viu (T)) = Efun} — 2, «es (8) 
Hence we have the following: 
Theorem 1.1: For the distribution (1.1) the UMVU estimate for 0 à 
. le is wi (T) and th 
UMVU estimate of the variance of ULT) is " Moss. 
DT) = u(T)—u,(P) (1.9) 
which because of (1.7) may be put in the form: 
v(T) = (Dia (T) —u (T—1) (1.10) 
where u, (T) for r = 1, 2, are defined by (1.5). 
2. UMVU ESTIMATE IN THE CASE OF TRUNCATION ON THE LEFT 
Consider the distribution (1.1) truncated on the left at x = s 1. T ili 
y = =l. "The 
distribution can then be written as PR 
prob (X = x} = UA 8-1, 24-9, …, vee (2.1) 
h 0) = È 
where J0) = E az) Ke (2.2) 
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By an argument exactly similar to the one used in section 1, it follows that on the basis of 
a random sample X;(i = 1, 2, ..., n) of size n from the distribution (2.1) the UMVU estimate 
for O° is w, (T) where 


u, | (0) = 0 for t < ns+r 
2.3) 
Cr) g ( 
= ZT for t > netr 
SIS ed 
H 
where T — X X; and 
i=1 
n 
C(t, n) = Ze M ai), "o 
il 


X, denoting summation over integral values of a, tg ..., Un subject to xr, HUn = f 
and a; > s (i = 1, 2, ... n). 


The following relation connecting C,(/, n) can be easily established, 
n-1 3 š a E 9 
C460) = E IO ele Hittchen … (2.5) 
j=0 " 


where we write Colt, n) = C(t, n). 


For the special case of interest of truncation at zero, that is s = 1, we have 
= nel ;( n >, E 26 
Cyt, n) = E (—1y[ ; ) Ct, n—j), .. (2:0) 
j=0 J 


which may be expressed in the alternative form : 


Gift, n) = An C(t, 2)le=o (2.7) 


where A is the ordinary difference operator on C(t, x) regarded as a function of the integer v. 


In general, introducing the bivariate operator A, defined by 


Ay Sa, y) = deb, y Da p), 


we can write (2,5) in the alternative form : 


CAL n) = Apa Cit n(6— D. 0). ew (28) 


3. ILLUSTRATIONS 


3.1. Complete Negative Binomial Distribution. We shall consider the following 


form of the complete Negative Binomial distribution: 


s eee FT 
prob (X =a}= GH ge 0), z = 0,1, 2, 0. (3.1) 


373 


Vor. 18] SANKHYA : THE INDIAN JOURNAL OF STATISTICS  [ Parrs 3 & 4 


and take k as a known positive integer as in problems of inverse binomial sampling. It is 
well-known that the total T of a random sample of size n from this distribution h 


as again the 
Negative Binomial distribution. 


prob (7 = = MED gua ges a= 0. 1.2 


- ee s (8:2) 
(kn—1)! t! ( 
, kn+-t—1)! 25 
80 that here C(t, n) = Sen à . s. (8:3) 


Hence for the complete distribution we have the following. 


Result 3.1: The UMVU estimate of 0 on the basis of a r 


andom sample of size n 
from the Negative Binomial distribution (3.1) is 


T[(En--T—1), 


(3.4) 

and the UMVU estimate of the variance of this estimate is 
(kn—1) T * 
(n.-- T — Yn -- T— 2) ° el (3.5) 


where T is the total of the sample. 
3.2. 


Poisson. distribution truncated. on the left at zero, 
distribution 


For the complete Poisson 


Prob {X=a}= jy 20,1, 2, 
x: 


Sch e (3.6) 


it is well known that the distribution of the total T of a random sam ple of size n is given by 


E 1 nt 
prb (T=f = T ILA 


(3.7) 
which is again of the Poisson form, Hence, 
; nt 
CE n) = FE (3.8) 
Therefore for a Poisson distribution truncated on the left at zero, with probability law given 
by i 
esche 0 : 
prob {X =a} = 3i O (0 —1), z = 1,2. sus (3.9) 
we have from (33) and (27) — C, (fn) = e ] Sg 
which may be written in the usual form: 
" Si Arnot 
Vi A) ex nE — (8.10) 


Using (2.3) and the results of Theorem 1.1 we thus have the following 


374 


UMVU ESTIMATION IN A CLASS OF DISCRETE DISTRIBUTIONS 


Result 3.2: On the basis of a random sample of size from a Poisson distribution 
truncated on the left at zero as given by (3.9), the UMVU estimate for 0 is (T) and the UMVT 
estimate for the variance of UT) is V(T) = (T) La(T)—a(T—1)} where 


w(t) = 0 for t < n+1 


Anpi- 
= SCH for t > n+1 


T being the sample total. 


Table 2 gives values of a, (1) correct to three places of decimals for n = 2, 3, ..., 10. 
The values of the differences of zero tabulated by Fisher and Yates (1933) may be used for 
n > 10 if T happens to be less than 25. 

On the basis of a sample x,, to, ... +, from a Poisson distribution truncated at zero 
Plackett (1953) suggested an unbiassed estimate 


^ 1 n 
Pies 2 gk 
n Zei 
where n=0 ifa=1) 
= z, if z; > 1. J 


The variance of this estimate is 


imei iris 


The following table (Table 1) shows the efficieney of Plackett's estimate relative to the 
UMVU estimate for n = 10 and several values of 0. 


EFFICIENCY OF PLACKETT'S ESTIMATES RELATIVE TO UMVU 
ESTIMATE BASED ON A SAMPLE OF SIZE 10 
———————————————— 


variance of 


TABLE 1. 


efficiency 
Plackett's UMVU (3) (3) 
estimate estimato 
a) (2) (3) (4) 


1.0 0.158198 0.151703 0.9589 
0.262607 0.252182 0.9603 
3. 0.347156 0.338585 0.9753 
4.0 0.439852 0.424500 0.9875 


to 
° 


This shows that Plackett’s estimate is highly efficient. For larger sample sizes there 


is a slight fall in efficiency. 
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TABLE 2. UMVU ESTIMATE OF THE PARAMETER IN POISSON DISTRIBUTION 
TRUNCATED AT ZERO (BASED ON A SAMPLE OF SIZE n WHEN THE TOTAL OF 
THE OBSERVATIONS IS 1) 


Gi nn S k x 9 10 

t — = 

2 0 

3 1.000 

4 1.714 0 0 

5 2.338 1 0.500 0 

6 2.903 1 0.923 0.400 0 — — — — 

7 3.444 2 1.300 0.750 0.333 — — — 

8 3.969 2 1.646 — 1.067 0.632 0 — — 
9 4.482 2.874 1.970 1.360 0.950 0.250 0 = 
10 4.990 3.242 2.278 1.635 1.159 0.480 — 0.222 0 
n 5.495 3. 2.574 1.896 1 1.011 0.694 0 0.200 
12 5.997 3.9: 2.860 2.146 | 1.224 0.96 0 0.387 
13 6.498 4. 3.139 2.388 1 1.427 1.088 0 0.564 
14 6.999 4. 3.412 2.093 2 1.622 1.272 0 0,731 
15 7.500 4.5 3.680 2,852 2 1.810 1.448 1 0.892 
16 = 5. 3.945 3.076 2 1.993 1.618 1 1.046 
17 5. 4.206 3 2 2.170 1.783 1 1.194 
18 5.9 4.466 3 2 2.343 1.944 1 1.338 
19 6. 4.723 3. sA 2.513 2.101 1 1.477 
20 6.6 4.970 3.9 3s 2.679 2.954 1 1.613 
21 6.998 5.233 4. 3.401 2.843 2.404 2.046 1.746 
22 7.332 5.487 A3 3.582 3.004 2,552 9.184 1.875 
23 7.600 5.740 4.1 3.760 3.163 2.097 2.319 2.002 
24 7.999 5.992 4, 3.937 3.320 2.840 2.451 2.127 
25 8.333 6.244 4.0 4.112 3.476 2.982 9,582 2.949 
26 * 6.495 5. 4.286 3.630 3.121 2711 9 370 
21 6.746 5.3 1.100 3.783 3.259 9.838  » 480 
28 6.997 5:5 4.632 3.934 3.396 2.964 2.606 
29 7.948 5.7 4.803 4.085 3.532 3.088 2 722 
30 7.408 5.4 4.974 4.235 3.666 3,121 9 836 
31 7.749 6.192 4. 3.800 2.950 
32 7.999 6.394 4. 3.933 9.950 
33 8.249 6.595 4. 4.065 3.173 
34 8.499 6.796 4. 4.196 3.284 
35 8.750 6.996 l1 dX 4.327 3.393 
36 = 7.197 5.990 5. 4.457 3.502 
37 7.398. 6.158 5 4.586 3.610 
38 7.598 6.326 5, 4.715 3.217 
39 7.798 6.494 5; 4.844 3.824 
40 7.999 6.661 5 4.972 3.930 


* For values of £ beyond this use tn. 


UMVU ESTIMATION IN A CLASS OF DISCRETE DISTRIBUTIONS 


TABLE 2 (Contd.) 


— — n—I ELAOA —F T — P DrUo s Ro O -OJ 8<_ə>>>soəÑa—7. 
D "Ss 6 7 8 9 10 
t 
41 6.829 5.845 5.100 
42 6.996 5.989 5 
A7 7.163 6.133 5. 
44 7.331 y 5. 
45 9.000 7.498 6.421 5 
46 $ 7.665 6.565 5; 
47 7.832 6.709 5 
48 7.999 6.852 5.980 
49 8.165 6.996 6.115 
50 8.382 7.139 6.241 
51 8.400 6.367 5.651 5.073 
52 S.666 7.426 6.493 5.763 5.175 
53 8.833 7.569 6.619 5.867 5.278 
54 8.999 1.712 6.744 5.988 5.379 
55 9.166 6.870 6.101 
56 s 6.996 6.213 
57 8.141 7.121 6.325 5.684 
E 8.284 7.246 6.437 5.786 
59 8.427 7.372 6.549 5.887 
60 8.570 7.497 6.660 5.988 
61 8.713 7.623 6.772 6.089 
62 8.856 7.748 6.884 6.190 
63 8.999 7.873 6.995 6.291 
64 9.142 7.998 7.107 6.392 
65 9.285 8.123 7.218 6.492 
66 * 8.249 7.330 6.593 
67 8.374 7.441 6.694 
68 8.490 6.794 
69 8.624 1.664 6.895 
10 8.749 7.776 6.995 
71 8.784 7.887 7.096 
72 8.999 7.998 7.196 
(EI 
73 9.124 8.109 7.996 
de 
9.249 8.221 7.397 
74 
on 9.375 8.332 7.497 
4n 
* 7.579 
76 
7.697 
“ 
7.798 
78 
7.898 
79 
7.998 
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TABLE 2 (Contd.) 


ARTS 3 & 4 


n 9 10 
t 
81 8.999 8.098 
82 9.110 8.198 
83 D 8.299 
84 9.333 8.399 
85 9.444 8.499 
86 * 8.599 
87 8.699 
88 8.799 
Sy 8.899 
90 8.999 
91 9.099 
92 9.199 
93 9.299 
94 9.399 
95 9,500 
96 * 
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ORDERED AND UNORDERED ESTIMATORS IN SAMPLING 
WITHOUT REPLACEMENT 


M. N. MURTHY 


Indian Statistical Institute, Calcutta 


1. INTRODUCTION 


In the last decade the probem of sampling with varying probabilities without 
replacement has received considerable attention and a number of estimators have been pro- 
posed. Das (1951) and Des Raj (1956) have given some ordered estimators, that is, estimators 
which take into account the order in which the units are drawn. In this paper it is shown 
that corresponding to any biased or unbiased ordered estimator there exists an unordered 
estimator which is more efficient than the former. The technique of improving the ordered 
estimators by unordered ones is also explained. This method is applied to the set of estima- 
tors given by Das and to one set of Des Raj’s estimators which provide unbiased estimates 
of the population total and also to the unbiased variance estimators considered by them. 

Bio Ug» of Sections 3 and 4). Compared to other known estimators the estimator 
of Des Raj has two remarkable properties : (i) Zs; is more efficient than the corresponding 
estimator for sampling with replacement as shown by Roy Choudhury (1956) and (ii) vy; 
is non-negative. It is shown that the technique of unordering preserves a fortiori the first 
property and retains the second property in two particular cases. In sampling the first unit 
with varying probability and the rest with equal probability without replacement, unorder- 
ing of Das’ estimator yields the familiar unbiased ratio estimator. 


Lt 


34 D à 
sis Vai 


2. UNORDERED ESTIMATOR 


In sampling » units without replacement from à finite population of N units, there 
š gon 


Corresponding to any unordered sample (s) of size n 
; a (WM: §=1,2, ..., M (nl 
units, there will be »! ordered samples (s). Let a; {s = 1,2, Bt ): v = L 2, Dy ( ol 
arameter 0 based on the ordered sample (si). Consider 
of selecting the ordered sample (si) is Psi 
s) is the sum of the probabilities 


will be (À unordered samples (5). 


be an estimator of a population p 
a scheme of selection in which the probability 
Then the probability p, of getting the unordered sample ( 
of getting the ordered samples corresponding to (s) 


That is, pe = > n. 


Theorem 1: If Ó, = a amd by = 2. ay pa (where pa = Psilps) are estimators 
š g ae 


i=l 


of the population parameter 0 then, 
(i) Eifel = E09 


ad Gü Vê) < VÊ. 
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where E and V stand for expectation and variance respectively. 


Proof : 
GL) Doa 
Er = > dan, = > > Tsi Psi = E(0,). 
8=1 $=] 1=1 


The variances of the estimators 0, and 0, are given by 


G) a Moa . 

Và) = IS ES Và pa— LS > mapu n. we (Bui 

5-1 i=l Si i=l 

Déi M ^ (7) M > 
V(8,) = IUe Lei Dsi Y &— 93 Yu ER n. ws (29) 
5-1  i-1 321 tm) 

» : G) a M š 

Therefore, — (Ó) yj, = E 3 Ke? SA (2.3) 


This shows that the variance of 


the unordered estimator Ê 
ordered estimator 4. 


v is less than or equal to that of the 
Corollary : 


(1) The mean square error of Ü is less than or equal to that of b... 


(ii) If Yolbo) = Vi is an ordered estimator of V(Ó.), then V,(8,), an unordered estimator 
of V(B,), which has a lesser mean square error than LAN is given by 


Pa (8) = 53 ts pu. 
1-1 


(2.4) 
(čiti) An estimator AU) of the variance of Ë; is given by 
" M 
Vu) = (D up; e (2.5) 
t=1 T 


(v) The 2k-th moment of Ê v is less than or equal to that of Ô,. 


That is. Hië —E(0 et < DOS E(f yas. 
Tt may be noted that an estima 
from the M ordered samples co 
proportional to the sum of their 
mator [m 


tor based on m(m = 2, ns M] 
Tresponding to the unord 
probabilities will be mor 


) ordered samples drawn 
ered sample (s) with probability 
© efficient than the ordered esti- 
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3. UNORDERING OF DES RAJ’S ESTIMATORS 


Let a sample of size x be drawn from a finite population of V units with varying 
probabilities without replacement. Suppose the probabilities of selection at the first draw 
are 


NX 
(pj), (j = 1,2, ..., N), p; > (KH? Sak us OM) 
. j=1 


The scheme of selection of a unit at a particular draw depends on the units already drawn in 
the sample and not on the order in which they were drawn. For instance, the probabilities 
of selection at the third draw given that the k-th and /-th units have already been chosen in 
the first two draws will be given by 


Let (Yi, ys, «+++ Yn) and (Di. Pas +++; Pn) be the values of the units arranged in the order bs 
selection in the sample drawn according to the above scheme and their respective initial 
probabilities, One of the sets of estimators given by Des Raj in this situation is given by 


D 


Le = 
us = { n+ 2 ao } eB) 


Yn —V— — — 
Loin = Y Yana E ) (1—Pi— Pe Pra 


n 


Each of the above estimators is unbiased for the population total and, therefore, 


n 


ns : { >, any} … (83) 


j=1 


j i’) are uncorrelated, Des Raj 
is also so. By making use of the fact that vij ad ij! Ge ke Gees 
was able to get a non-negative estimator of the variance 01 yi d Ü 


s i Š = 2 (3 4) 
RSA = = (Zat Zeil ' sæ (9. 
ol si) = Ug = a { / sij t ) 


y a 3 GER 1 we or cient estimators o 
1 rlier theorem to Tsi Y si oY á 

By app. ymg the e and we get more efficien f 

the population total and the variance of Usi respectiv ely . 


š 381 


Vor. 18] SANKHYA : THE INDIAN JOURNAL OF STATISTICS [Parts 3 & + 


Theorem 2: Unordering of the ordered estimator, 


n n 


Y; 9 5 
bo = 5 cp, 2 67 Laye yb Hat” li Pa) oes (3.5) 
J 


j=l jer 


yields an unordered estimator which is independent of the set cj, { > c=1 \ , namely, 


n 

E m Pai 

EE. , ... (3.6) 
where P(s/l) is the conditional probability of getting the unordered sample 
has been selected at the first draw and p(s) is the unconditional probability 


Proof: Let takt, los... lj) denote the conditional 
sample (s) given that 1,-th, L-th, ..., 1; 


(5) given that l-th unit 
of getting (s). 
probability of getting the unordered 
th units have been selected in the first j draws, 


The coefficient of Yi in the estimator got by unordering Ê, in the 


usual way 
(Theorem 1) is given by Pi times 
n ji 
[7 > > — Pine +++ Pik x 
TA vem A (1—pn)(1—pn—pt)...(! Pa Pie ++ Pig 


Xx P(s]H ll ... k.) | 


=, 


lis lz, “dj 


LALA <- Alji 


Qa D Pre -«- Pij — A 
A —pn)(1 —Pn—pi)...(1 Pa Pia —Pi2-1) 


X POl Glasa 1. y x Län ge Py EE 
Di 
The coefficient of D 


in the above expression is P(s/l). 
if we show that the coefficien 


t of cj,, is equal to that of E 
The first (j—1) terms in both the coefficients ar 


terms in the coefficient of C1 reduce to t 
equality 


The theorem will be proved 
in the expression (3.7), 
€ the same. The 


j-th and (j+1)th 
the coefficient of ¢ 


he j-th term in ; because of the 


P(s] 1, lg... ly 1) = ei 
7 
ybi... th Al 


URP X Pll da. 4, 
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Therefore, ^ = me a ED 


The estimator given in (3.6) is a special case of a general class of estimators considered 
by Nanjamma, Murthy and Sethi, in an unpublished paper submitted to Sankhya. 


Since the unbiased estimators z; and z; (j =j’) of the population total Y are 


uncorrelated, we get 


CR) ar 


2,25 Ze Vsij') pai = Y°. 


As this is true for all the ( < ) pairs of the » estimators. 


A) u D 


3 d D wa ar} pa = (2) ya, 


gel i=l j>j’ 


Hence an unbiased estimator of Y? is given by 


n 


M 
S KE ty) Pie so. (3:8) 
=1 


B d 
ny € — 
Š.) i j>j 


From this it follows that an unbiased estimator of the variance of 2, is 


M n 
PAS = Bi : >` IS Usij taj) Pi 


n\ e 
9] i Ai 


n 
| A PE Die > PD Pj?) POPE]. 69) 
= et E 
The following particular cases of equations (3.6) and (3.9) will now be considered. 


(i) Simple random sampling without replacement. In this case the estimators 


Tsis T and their variances are given by 


Ty = 1 Etage «+ (3.10) 

NS E { c) i … 611) 

Ven) = e zi N we (812) 
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and V(z,) = a N(N —n), es (3.13) 
ë - 
where o? = val usr} 

3 J) Š " 
Therefore, Vu) —Vz,) = E t. es (3.14) 


Comparison of the above expressions for the variances shows that V(z,) < V(z,). This is 
otherwise obvious also as Ny is known to be the best unbiased linear estimator of Y. It is 


interesting to note that the variance estimator of z, given in equation (3.9) reduces to the esti- 
mator commonly used, namely, 


where B 


n—1 PN 


iel 
ator from the best 


t replacement. This 


general, be choosing two units 
- In this case Tsi and T, are given by 


case is of importance as in actual 


from 
each stratum in stratified sampling 


EP to V1 = ps 
GER {a "dn SEA 


(3.16) 
and B= uL (dp, “+ (1p) Sal … BAN 
2—p,—p, Pi D» ` y 
The sampling variances of these two estimators are given by 
(2) 
ve) = 1 {> p @—p =m) (2), 3.18 
si 4 + 2 1 Pa | Po (3. ) 
(2) a 1 
and V(z,) "i Pi Ds Pi Ps) (4-1) : 
t š (2—p,—p,) 2 p, f (2:19) 


ed by weighting the different 
he estimator given in (3.1 7) 


1 Lahiri conjectured that Des Raj’s estimators can be improv 
ordered estimators by their respective probabilities and in fact suggested t 
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@) 
Therefore, V(z,)— V(2,) = 1 Pı p° (ipa) (Ys Vs d s š 
^ A xs (2—p,—Pe) E ^ j s NES 


In the case of simple random sampling without replacement the expression (3.18) above 
becomes 


Ve) VE) = 5 


which is a particular case of the expression (3.12). 


The estimator of variance of Za given by Des Raj is, 
Pa) = ma = 4 —pt (2-2). … G21) 
Pr De 


By applying the earlier theorem to this r,;, we get a more efficient estimator of the variance, 


namely. 


Py (Ea) = HPP) (1-2) «o 18.22) 
Pi Pa 

and this also is non-negative. Substituting the relevant values in equation (3:7), we get an 

unbiased estimator of the variance of &,, namely, 


_ Q0 —p)0—p30—p.—p3 (h — 4s)" 038 
Vols) (2—p,—Pp3* e ak paR 


which is always non-negative. 


4, UNORDERING OF DAS’ ESTIMATORS 
With the notation adopted in section 3, the set of estimators proposed by Das is given 


by, 


"— (=p) (Ye 
(7-1) A 


" 1—p,)(1—pı— 22) +: (pi Dai RER, (4.1) 
sin = Eo) we (N—n+1)p1 Ps - 


lation total Y and so js their mean 


Kach of the above estimators is unbiased for the popu 


a. … (43) 
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An unbiased estimator of the variance of Zo, is 


n n 
4 ° Ë 1 ! ,N—I TW : 
Volts) = vy = BP — E ( si) Yj )+ EN y Lea yy) ) . ey (4.3) 
j=1 + SE 
In sampling the first unit with varying probabilit 


y and the remaining (n—1) units 
from (N—1) units with equal probability without repl 


acement, the estimator Zi; becomes 


Za 
x; =1 EJ — (4.4) 
D n L De | 


Applying the Theorem 1 to this Tsi, we get the unordered estimator 


(4.5) 


This shows that the above unbiased ra 
by Das. Lahiri (1951) and Midjuno (1 
above estimator. 


tio estimator is more e 


flicient than the estim 
952) hav 


ator given 
e given sampling proc 


edures which lead to the 


Substituting the relev 


ant values in equation 
mator of z, namely, 


(2.5) we get an unbiased variance esti- 


HL ç ws (4.6) 
ES 


Vie 


5. NUMERICAL EXAMPLES 
To study the relative performance of the ordered and unordi 
following population given b 


ered estimators, the 
y Yates and Grundy ( 1953) 


will be considered. 


unit p 


1 0.5 5 = 
2 2 1.2 6 
3 A 2.1 7 
4 4 3.2 8 
total 1.0 7.0 


This was deliberately chosen by them as bei 
tered in practice, 


Case (i): first unit with varying probability and Second unit wi 
Ë Unit with equal pr ili 
without replacement j " probability 
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Case (ii): both the units with varying probabilities without replacement. 


For the prupose of comparison, the estimator and the variance estimator proposed by 
Horvitz and Thompson (1952) together with the variance estimator given by Yates and 
Grundy are also considered. 


For the sake of convenience, the expressions for the different estimators given in 
subsequent tables are given below. Suppose (71, Yə) is the ordered sample drawn from a 
finite population of N units. 


Case (i): 
s = 5 [t0 (2) 401-012). MET 
Vy Ex) = s = 1 (e-»(a) ny … (62) 
Vos) = Par. ! … (53) 
T, = EN E Loser ln" [rene el y]. 64 
Ty) = Yo) — En pa BP, … (5.5) 
a, = Ath, … (6.6) 
" 2p, 
f, e) = ty = BA gh [besar men. el 6 
Vp (z) = th Pr te Pe … (68) 
| m, = { ath}. e (5.9) 
I S [eub o mmn + … (5.10) 
Tar = ( 7 E a ) where 7, = qu TET: 
| 
| 


- . (5.11) 
and Ma = 


.l _ (N—2)p,+1}- 
N-1 


387. 


quai (3) rao (8 jee ctm nim, 
£ 


| 7 Me Tim 
| mo = BPa e. (5.12) 
E CH 
"uU … (6.13) 
Pra Var) = "5m ^ ( mm Mo ) 


s= lan (lan (%)}. 


Volta) = 1ü—py ( A a 


Tot) = 10-9 Gp ( Bu)" 


0 non) watt 


Y, @) = C20 -21 pp) ( hn). 


Q—p,—py? Di Pa 
(+ IC 


Dela) = du EE { ( 5 ) + Cala), 30—p) wy, \ 


Pa Py re ee 
e 1 ] e 
š o Psy [0795-0 - y). MOU 
" 1 , 
E, = S-n—bh Iren al, + (5.17) 
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ESTIMATORS IN SAMPLING WITHOUT REPLACEMENT 


UNBIASED ESTIMATE OF ERROR VARIANCE CASE (i) 


K ^ ^C AS — mE. Cae E ee NUITS 
sample Voli) Y vs) Y p (z) Vo(&si) Vol) Vol) Var Gyr) Viva Var) 
12 .20 1.88 1.87 45.80 18.49 14.48 —1.11 1.51 
13 .81 2.37, 2.30 114.20 28.93 14.85 2.27 4.33 
14 6.50 3.48 3.25 241.80 45.38 14.58 6.45 7.34 
21 2.72 1.88 1.87 4.84 18.49 14.48 —1.11 1.51 
23 .56 .48 ES 15.64 3.44 - 1.62 NI .92 
24 5.76 2.16 1.94 34.20 , 2.63 — 4.09 3.93 3.05 
31 2.89 2.37 2,30 .51 28.93 14.85 2.27 74.33 
32 42 48 44 —4.10 3.44 1.62 Ti 92 
34 5.62 2.09 2.60 —13.59 —20.01 —21.20 3.01 72 
41 2.72 3.48 3.25 — 3.72 45.38 14.58 6.45 7.34 
42 36 2.16 1.94 —13.15 2.63 —4.09 3.93 3.05 
43 .56 2.69 2.60 —24.82 —20.01 —21.20 3.01 EI 

true error " 
variance 2.223 2.223 2.103 9.701 9.701 0.363 2.884 2.884 
variance 

of esti- 

mated error T 
varianco 1.9912 .8357 .7543 2583.03 491.72 194.33 4,1914. Bioran 


UNBIASED ESTIMATE OF ERROR VARIANCE CASE (ii) 


P p r A od Ka. es A 
sample — Vo(z,) Votes) Vu) Volpi) LEA] Yarl nm V yoan 
m A gen 17 93.20 42.95 —6.20 Al 
13 .81 .63 .59 114.20 48.17 34.12 —4.70 1.52 
14 1.82 1.22 1.08 134.60 47.92 27,39 —.58 2.79 
21 16 18 17 10.84 49.60 42.95 —6.20 E 
ü 28 16 14 br 11.78 2.55 1.71 —3.79 EI 
24 .64 .48 .39 10.38 Am  —8.08 1.21 1.08 
31 49 63 59 —3.18 48.17 34,12 —4.70 1.52 
32 12 14 4m —5.52 2.55 jp" —3.79 .36 
34 12 10 .07 12.80 —15.07 —15.25 5.02 .18 
41 81 1.22 1.08 — 9.86 47.92 27.39 —.58 2.79 
42 .36 48 39 —13.15 3,07 —5.03 1.21 1.08 
43 09 10 .07 un —15.07 —15.25 5.02 18 
gege 5 5.435 q 0.823 0.823 
SE 0.365 0.365 0.312 5.435 5.435 1.107 
variance 
of esti- 
sn ag d 543 506.18 350.73 14.8692 .0811 
variance .1575 .1236 .1004 1542.49 60 
Magos E. 
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(PE e ue, (5.18) 


Vo (25) = Vy Es) CSC 


HMC TEEN 


SI a . 
and To = Pa {+5 (2)) -. (6,19) 


` Pur Gun) = (1—m,) (4) + nj (4) trae (45) (22), 


2—P,—p») 
here = {2 2a2—p,—p, I" 
xu s va (1—p,)\(1—p,) 


Prog) = =m (2-2). 
Mie 


are much more efficient than the 
corresponding ordered estimators, à 


lation total, namely, z, E; and Yur, 9; in case (i) and z, in case (ii) have the least variance, It 
can also be seen that it is possible to improve substantially 


on the ordered variance 
estimators by unordering them, : 


Das, A. C. (1951): 


Two phase Sampling and Sampling with varying Probabilities, 
38, 105-112. 


Bull, Int, Stat. Inst., 
Des Ras (1956): Some estimators in sam 
Stat, Ass., 51, 274, 269-284, 


Honvrz, D. G. & THomesoN, D. T, (1952): A Boneralisation of Sampling without. replacement from a finite 
universe, J, Amer. Stat, Ass., 47, 663-85. 

Lamm, D. B. (1951): A method of sam 
Inet., 83, 133-140. 

Mipzuno, H. (1952): On the 8 Probability Proportional to the sum 
Inst. Stat. Math., (Japan), 8, 99-108, 


pling with varying Probabilities Without. replacement, „J + Amer, 


ple selection Providing unbiased ratio estimates, Bull. Int Stat. 


Selection without replacement from with; i 
thin strata with ili 
Proportional to size, J, Roy. Stat. Soc., B, 15, 253-81, SAT 


Paper received : April, 1957, 
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A LOWER BOUND TO THE PROBABILITY OF STUDENTS RATIO 


By SAIBAL KUMAR BANERJEE 
Indian Statistical Institute, Calcutta 


lf the parent population is normal, Student's ratio E follows the f distribution 
siy/n 
| n 
1 E E | 
==. Ë 
— => (yp À ) dt 
n—1 mi ( n—1 
¡21 2 


AnTexamination of the behaviour of Student's ratio for samples drawn from non- 

normal populations was made by Bartlett (1935), Geary (1936), and Gayen (1949). 

From consideration of estimation by confidence interval, however, a lower bound to t he 

probability of the event M >m > z— AS may be of some practical value. Starting 
n Vn 

from the approach of Tshebysheff’s lemma it is possible to derive an expression for the 

lower bound to the probability of such an event. The expression for the lower bound as 

worked out, involves t, n and B,-coefficient of the parent population and applies to samples 

drawn from any parent population, continuous or discontinuous, having finite fourth 
cumulant. The proof rests upon a simple lemma. 


Lemma : Let x be a variable with mean m and variance ot. The probability P(k) 
of the inequality x > m—k*, satisfy the relation 


ki 


PUY) > argo 


(1) 


whatever k? may be. 


Lot ti, ta... Gp be a sample of size n drawn -at random with replacement from a 
population with mean, second cumulant and fourth cumulant denoted respectively by m, ka 
and k, Let a variate u be defined as 


252 
“= Ze —(#—m)*, wap (0) 
n 
É 
Ti lr 
Where a A 
CUN 
a s 1 no E: e 
= ll { > dl and 12 > 1. 
m—1 Li 
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Since 


i. 
V(u)-- Eu)? 

P K I — EQ) = (8—1) T 

T AM d 

wet as HH ag 


a «a i 
Em =h + 38 


Dog ap = At 4H. 
n 
á, < 


"e = e- Zus ue 2H = LS, 


Probe fu > 0} 1 
| 4 TE ST 


4 
ig? 


| Since u = À _ ny, from (8) we have, 


prob Ë 


. te 
+ Sn > pe 38 
wa" 7 vx] Pic 
TE AU 
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H5 
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(4) 


Be) = B E @—m ]. ze iB) 


(6) 


(HE app nl IET. 
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A LOWER BOUND TO THE PROBABILITY OF STUDENT’S RATIO 


The expression for the lower bound of the probability of the inequality 

2+—. >m>z — Ë as derived in (9) depends upon /, n and B, coefficient of the 
Mn Vn ë 

parent population. Numerical values of the lower bound of the probability for ¿= 3, 

n = 4, 6,8, 10, 12, 20 and 30, and B,—1, 2. 3. 4, 5, 6, S, and 10 are given in the following 

Table. 


LOWER BOUND OF PROBABILITY OF THE INEQUALITY Z+ x > m > 2— = 
(values worked out from expression (9) taking t = 3) 
B» coeffi- 
cient of the sample size 
parent — — E 
population 4 6 8 10 12 20 30 
(0) (1) (2) (3) (4) (5) (6) (7) 
I 0.727 0.830 0.875 0.599 0.914 0.939 0.951 
2 0.615 0.729 0.789 0.825 0.849 0.897 0.921 
3 0.523 0.650 0.718 0.762 0.793 0.859 0.894 
4 0.47] 0.587 0.659 0.708 0.744 0.823 0.868 
5 0.421 0.535 0.609 0.661 0.700 0.791 0.844 
6 0.381 0.491 0.566 6.620 0.662 0.761 0.821 
8 0.320 0.422 0.496 0.552 0.596 0.707 0.778 
10 0.276 0.370 0.441 0.497 0.54? 0.660 0.740 


From the Table it is seen that if x = 8, probability of the inequality 

a+ > m > % — 3s is greater than .60, even if B, be as high as 5.0. If, however, B, 
be 4.0 A less, the prb of the inequality exceeds or equals 0.659. It is further seen 
from the Table that ifn>12 confidence statement regarding the population mean in the form 
SL X may be made with a confidence coefficient of the order of 0.700 if B, be less than 


or equal to 5.0. 


The expression for the lower bound suggests some lines of investigation sad these = 
being investigated. In this connection it may be stated with certain amount of e Ne 
that if prior knowledge of B, or rather an upper bound of the numerical value of B, p T 
of the parent population is available, it may be possible to test a suggested valga my for the 
sample mean, on the basis of a sample of size ” and sample values ty, Ya +++» Un» 
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